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Chapter 1

Introduction

Hurricane and Coastal Stoym Hazards on the North Carolina Coast

Hurricanes and severe coastal storms are major threats to people and
property in coastal North Carolina. Historically, only Florida exceeds North
Carolina in terms of the number of hurricane landfalls among Atlantic coastal
states.l Between 1899 and 1985 North Carolina has experienced 24 hurricane
landfalls, for an average recurrence of one hurricane every 3.6 years. Table
1.1 provides an historical listing of these storms, and Figure 1.1 provides a
graphic depiction of previous hurricane tracks. While it has been lucky in
recent years and has received only glancing blows from hurricanes (Hurricane
Charley and tropical storm Andrew in 1986; Hurricanes Gloria and Juan in 1985;
Hurricane Diana in 1984), the North Carolina coast has not been so fortunate
in the past. Devastating Hurricanes Donna (1960) and Hazel (1954) are still
vivid memories for many older residents of the North Carolina coast.

While hurricane and coastal storm events are a part of the natural
coastal system and will continue, the risks associated with them has increased
as a result of the dramatic growth occurring in coastal areas, including the
North Carolina coast. Nationally, coastal areas are growing at a rate three
times that of the nation as a whole. Between 1970 and 1980, population in the
20 coastal North Carolina counties grew by approximately 17%, often with much

greater levels of growth occurring on the Outer Banks--the most vulnerable

1Neumann et al., ical Cyclones he North Atlantic Ocean 871-
1980, Washington, DC: NOAA, 1978; revised 1981.
g



Table 1.1

COASTAL HURRICANES OF THE 20TH CENTURY

The following list represents those tropical storms which were of full hurricane strength at the time they

reached coastal North Carolina.

The decayed stages of hurricanes reaching this area are not listed.

Storms

passing close enough off shore to affect land areas are included even though they did not make landfall.

1901 July 11: Made landfall near Oregon Inlet. No
record of damage.

1903 September 15: Passed off shore but affected the
northern Outer Banks.

1904 September 14: Made landfall between Charleston,
South Carolina, and the North Carolina state line.
Damage to crops in eastern and central North Carolina
from wind and rain. '

1904 November 13:
Three wrecked schooners.
land and at sea.

Several persons drowned on

1906 September 17:

South Carolina.

Made landfall near Myrtle Beach,

1908 July 30: Passed up the coast close to Cape
Hatteras. Heavy rainfall caused flooding in the
eastern counties.

1913 September 3: Made landfall between Hatteras and
Beaufort. Storm surge in Pamlico Sound washed away
railroad bridges at Washington and New Bern. Wind and

rain caused severe damage to crops as far west as Durham.

Made landfall between Wilmington
One person killed and many injured

1920 September 22:
and Morehead City.

in Pitt County.

Passed off shore near Cape Hatteras.

Property damage at Wrightsville Beach.

1924 August 25: Passed off shore just east of
Hatteras. Two people drowned and Ocracoke
partially flooded.

1930 September 12: Passed off shore causing minor
wind damage from Atlantic Beach to Hatteras.

1933 August 22-23: Made landfall at Cape Hatteras.
High winds and tides caused great damage in
northeastern counties estimated at $250,000.

1933 September 15-16: Made landfall west of
Hatteras. Storm surge in Pamlico and Albemarle
Sounds caused 21 deaths and $3 million in damage;
New Bern flooded.

1936 September 18:
east of Hatteras.
the northern coast.

Passed up the coast slightly
Estimated damage of $55,000 to
Heavy damage to crops.

1938 September 21: Passed off shore on its way
north where it did considerable damage and was
called "The Great New England Hurricane of 1938."
No damage or loss of life reported in North
Carolina.

1944 August 1: Made landfall near Southport.
Heavy damage to structures at Carolina Beach.
Considerable crop damage in the southern coastal
counties. Estimated total damage was $2 million.



1944 September 14: Passed a short distance east of
Cape Hatteras moving northward. On the central and
northern coastal areas 108 buildings were destroyed
and more than 600 damaged. Estimated damage to crops
at $1 million. Heavy damage in Elizabeth City and
Nags Head. One person killed.

1949 August 24: Passed off shore at Cape Hatteras
directly over the Diamond Shoals Lightship. An
estimated $50,000 in property damage occurred,
mostly in the vicinity of Buxton. Two persons died.

1953 August 13: Hurricane Barbara made landfall
between Morehead City and Ocracoke. Estimated
property damage was $100,000 while the crop loss
was $1 million. One person died.

1954 August 30: Hurricane Carol passed just to the
east of Cape Hatteras. Widespread light damage came
to an estimated $250,000.

1954 September 10: Hurricane Edna passed about 60
miles east of Cape Hatteras. Minor but widespread
damage was estimated at $75,000 for property and
$40,000 for crops.

1954 October 15: Hurricane Hazel made landfall right
on the South Carolina line. From that point northward
to Cape Lookout, the ocean front was ravaged by storm
surge.
were totally destroyed. Nearby beaches suffered
similar damage, and miles of grass-covered dunes
disappeared. Flooding occurred in Washington, New
Bern, and Elizabeth City. Heavy wind damage

was felt all over eastern North Carolina, and record
amounts of rainfall were recorded. Nineteen people,
most of whom were in beach locations, died. Total

property damage amounted to approximately $125 million.

1955 August 12: Hurricane Connie made landfall close
to Cape Lookout, causing severe flooding in low-lying

At Long Beach 352 of the existing 357 buildings

coastal areas and around the sounds. Heavy beach
erosion also occurred. No deaths were reported.

Hurricane Diane followed in five days and made it
impossible to assess the damage caused by Connie.

Hurricane Diane made landfall near
Carolina Beach and passed over Wilmington. Winds
caused crop damage as far west as Raleigh. Heavy
flooding occurred in Belhaven, Washington, and New
Bern. Crop damage in the eastern counties caused
by this storm and Connie came to more than $20
million, much of it due to salt water flooding and
rivers overflowing their banks. No deaths

were reported.

1955 August 17:

Hurricane Ione made landfall
near Salter Path on Bogue Banks. 1In spite of high
winds, damage from this storm was minor. Heavy
rains falling on already waterlogged soils were
responsible for the flooding of thousands of acres,
and in New Bern 40 city blocks were inundated.
Hundreds of homes were washed away. Seven people
died. Estimated property damage was about $88
million.

1955 September 19:

1958 September 27: Hurricane Helene passed off the
coast from Wilmington to Cape Hatteras. Very high
winds were responsible for damage to crops and
structures estimated at $11 million.

1960 September 11: Hurricane Donna made landfall
between Wilmington and Morehead City and moved up
the coast. Heavy damage was experienced by coastal
communities from Wilmington to Nags Head. Beach

erosion was considerable, and the corn crop in the
coastal counties suffered severe wind damage. Eight
people died, and damage was estimated at several
millions of dollars.



Table 1.1 (continued)

1964 September 1: Hurricane Cleo passed from
western North Carolina out to sea in the vicinity of
Elizabeth City. Heavy rains caused flooding and
damage to crops in the northeast.

1964 October 16: Hurricane Isbell made landfall near
Morehead City and moved northward over the eastern
counties, causing some flash flooding and damage to
the peanut crop.

1968 October 20: Hurricane Gladys moved up the coast
and out to sea in the vicinity of Cape Hatteras.
Damage was light and the state benefited from two
days of moderate rainfall.

1971 September 30: Hurricane Ginger made landfall near
Morehead City and began to dissipate as it moved inland.
Tides were six feet or more above normal at Washington,
Aurora, New Bern, and Cherry Point. Thousands of acres
of corn and soybeans in the eastern counties were
affected. Damage was estimated at $10 million.

1976 August 9: Hurricane Belle passed east of Cape
Hatteras on its way north. Beaches were evacuated
but only scattered minor damage occurred.

1984 September 11-14: Hurricane Diana crossed the coast
near Cape Fear and moved inland before turning back out

to sea. The storm spawned a tornado in Nash County and

caused three deaths. Total damage was estimated at

$65 million, $26 million of which was crop damage.

1985 September 27: Hurricane Gloria, with some of the
highest winds ever recorded, passed over Cape Hatteras
and moved northward up the east coast. Eight deaths
were attributed to Gloria, and total damage estimated
at $900 million. Severe beach erosion and coastal
flooding occurred along portions of the Outer Banks.

1986 August 17: Hurricane Charley barely reached
hurricane strength as it crossed the Outer Banks.
Of five total storm-related deaths, one was a
motorist attempting to cross a flooded causeway
near Manteo. Reported damage in North Carolina
was relatively light, resulting primarily from
tidal flooding and downed trees.
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Figure 1.1

HURRICANE CROSSING THE GULF OF MEXICO

AND ATLANTIC COASTS OR PASSING NEAR
THE MAINLAND
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locations. For instance, the Town of Long Beach (0Oak Island) has reported
that its population has grown by 20 times since 1960. -Permanent population
figures substantially underestimate the number of visitors and tourists that
may be placed at risk during peak summer months. Concurrent with these trends
is the general acknowledgement that major advancements in the prediction and
forecasting of hurricane tracks is not likely.2

North Carolina has addressed the hurricane hazard within the framework of
its Coastal Area Management Program. The Coastal Area Management Act (CAMA)
was adopted by the State legislature in 1974 and contains both a regulatory
and planning program.3 Policy direction is provided by the Coastal Resources
Commission (CRC), a fifteen member group of citizens appointed by the
Governor, and advised by the Coastal Resources Advisory Council (CRAC), a
forty-seven member body primarily made up of local government representatives.,
The Division of Coastal Management, within the Department of Natural Resources
and Community Development, is the State office in charge of implementing CAMA,
and serves as a staff to the CRC. In all, 20 coastal counties are involved in
the North Carolina program. North Carolina, as perhaps no other coastal
state, has expressed its commitment to the careful management of its coastal
areas and to reducing the long-term damages from hurricanes and coastal
storms.

The regulatory component of CAMA is contained in the state'’'s permitting
control over Areas of Environmental Concern or "AECs." While AECs include
sensitive environmental areas, several coastal hazard areas are included. The

principal non-regulatory management technique under CAMA is mandatory local

2committee on Governmental Operations, "Federal Assistance to States and
Communities for Hurricane Preparedness Planning," House Report Number 98-557,
1983.

3N.C.G.S. §113A-100 et seq.



land use planning. Each coastal locality must prepare a land use plan and
update it every five years, consistent with specific state standards and
guidelines. These standards address a wide range of resource and
environmental management issues from the protection of estuarine areas to the
identification and protection of valuable mineral areas. As of 1984, the 20
coastal counties and 55 municipalities had state-approved comprehensive plans
in place.4

In May of 1983 the CAMA provisions were modified to require the explicit
consideration of hurricane and coastal storm hazards in local land use plans.
Localities were required not only to consider policies and actions to mitigate
storm hazards prior to the event, but also to prepare post-storm
reconstruction plans and policies to guide the redevelopment process following
such a disaster. The overriding objective of these provisions is to encourage
coastal localities to manage development and redevelopment in ways which
minimize future storm losses, both in terms of property and human life.

The new CAMA regulations require localities to prepare storm mitigation
policies for their land use plans with the following elements:

(1) A composite hazards map and brief narrative description of
hazardous areas located within the planning jurisdiction;

(i1)  An inventory and analysis of the existing uses of the land in
hazard areas;

(iii) A description of the relative severity and type of risk or risks
and an indication of the monetary value of the losses that might
be sustained in each of the hazard areas;

(iv)  Hazard mitigation policies which apply to all hazard areas,
including both public and private facilities.”

4David J. Brower and Daniel Carol, Coastal Zone Management as Land
Planning, Washington, DC: National Planning Association, 1984; David Owens.

"Coastal Management in North Carolina: Building a Regional Consensus," Journal
of the American Planning Association, Vol. 51, No. 3 (summer): 322-329,.

315 N.C. Admin. Code 07B.0203(b)(a).



In developing these policies, localities are instructed to consider at
least the following:
(1) Separate policies which deal with the effects of high winds,
flooding, wave action, and erosion for those hazard areas where

such forces may be expected;

(ii) Means of dealing with structures and uses which do not conform to
the hazard mitigation policies;

(111) Means of encouraging hotels, restaurants, and similar large
commercial structures to locate outside of erosion-prone areas;

(iv) Policies which deal with the acquisition of parcels located in
hazard areas or rendered unbuildable, for the purpose of public
access.

The guidelines also require the preparation of a post-disaster
reconstruction plan which implements the above policies and explicitly
distinguishes between immediate cleanup and repair and longer term recovery
issues. Specifically, reconstruction plans must include, among other things,
the establishment of post-storm reconstruction guidelines, including: “the
timing and completion of damage assessments; the timing and imposition of
temporary development moratoria; and the development standards to which
repairs and reconstruction shall conform."6

Localities are to establish schedules for reconstruction "according to
established priorities assigned to the restoration of essential services,
minor repairs, major repairs and new development."7 Localities are also to
prepare policies to guide the repair or reconstruction of public facilities,
and to consider their possible relocation outside of hazard zones. The
locality is also required to consider the establishment of a "reconstruction

task force," to oversee post-storm recovery and to deal with the policy

questions which arise during the reconstruction phase.

615 N.C. Admin. Code 07B.0202(a)(b)(iv).
715 N.C. Admin. Code 07B.0202(a)(b) (V).



Evacuation is also a strong concern in the CAMA guidelines. Indeed, some
of the strongest language (in the revised 1985 version) concerning the
management of local development is found here. The locality, in consultation
with the county (where relevant) and the State Division of Emergency
Management, must consider the adequacy of the local evacuation plan. "If the
required evacuation time exceeds the standard warning time as provided by the
National Weather Service, the local government should consider adopting
policies which would improve the capacity of evacuation routes, or limit the
level of development in areas to be evacuated, or otherwise reduce the amount
of time needed to safely evacuate . "8

While these CAMA regulations are relatively specific in their
identification of the required content and coverage of local plans, they
provide little concrete or practical guidance as to how to go about developing
and implementing these hurricane and post-storm reconstruction components.
Consequently, a strong need exists for the development of a detailed guidebook
which will assist North Carolina coastal localities in developing and
implementing hurricane mitigation and post-storm reconstruction programs. Its
preparation will hopefully assist coastal localities in achieving the long-
term hazard reduction objectives established by the CAMA guidelines, and will
result in a substantial reduction in the long term losses--both to life and

property--from hurricanes and coastal storms.

815 N.C. Admin. Code 07B.0203(b)(c).
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Focus on Growth Management

Localities and states use a number of alternative approaches to
mitigating hurricane and coastal storm hazards. Several approaches have
become popular: the provision of flood insurance under the federal
government’s National Flood Insurance Program (NFIP); the provision of post-
hurricane disaster assistance, usually by state and federal agencies; efforts
to reinforce the coastal environment through the construction of seawalls,
revetments, and groins, and the renourishment of beach sands and dunes; and
building codes and construction standards which encourage or require that
coastal buildings and facilities are better able to withstand hurricane and
storm forces. Another approach to these hazards is simply to reinforce the
warning and evacuation system in place and generally to find ways to protect
people, such as by evacuating and sheltering them, from storm forces. While
localities and states typically rely heavily on one or more of these
approaches, there are serious limitations to each which must be recognized.
While we do not advocate abandonment of other techniques, we do wish to point
out the limitations and how these limitations can be overcome through the
supplemental use of growth management techniques.

Structural approaches to mitigation--either by strengthening the
shoreline through seawalls, groins, jetties, and so on, or by strengthening
buildings and facilities themselves--are conventional approaches and are
dominant in many coastal regions. These approaches have important
limitations. In North Carolina, localities are not permitted to adopt
building standards more stringent than those contained in the State Building

Code, unless they obtain formal approval from the State Building Code
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Council.? And, although the Building Code Council has recently modified the
code to more adequately address hurricane conditions, building standards can
go only so far in protecting property and human lives. Requiring "hurricane-
proof" structures is inappropriate and economically infeasible. Engineered,
multi-family structures are better able to withstand storm forces, but their
location in high hazard areas (e.g., close to an eroding beach) creates the
need for structural protection. Moreover, while such structures are certainly
stronger, they are not immune to hurricane destruction.10 Permitting
shoreline development pell-mell with the understanding that seawalls and other
protective structures will be built to guard against hurricane and storm
forces is an extremely expensive approach, and one which is likely to have
limited effectiveness. The 17-foot seawall built in Galveston, Texas, for
example, despite its immense cost, is only designed to protect against a
medium-sized hurricane (a category 3 on the Saffir-Simpson indexll) and has
served to reduce much of the beach seaward of it. In North Carolina, the
option of this kind of structural reinforcement has been eliminated. In 1984 a
ban on all permanent shore bordering structures along the North Carolina coast
was imposed. Those wishing to build structures in hazardous and highly
erosive areas will now have to do so under the assumption that future

structural protective devices will not be permitted.

SWith the exception of ordinances adopted to comply with new NFIP
regulations, which are now more restrictive in some areas than the State
Build{gg Code.

Orrin Pilkey et al, Coastal Design: A Guide for Builders, Planners and
Homeowners, New York: Van Nostrand Reinhold; Jack Salmon "Vertical Evacuation
in Hurricanes: An Urgent Policy Problem for Coastal Managers," 12 Coastal Zone

Management Journal No. 2/3,

Neumann et al, Tropical Cyclones of the North Atlantic Ocean, 1871-
1980, Washington, DC: NOAA, 1978; revised 1981,
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Beach nourishment or replenishment is another form of structural
reinforcement and another response to hurricane and coastal storm hazards.
However, this strategy is very expensive and suffers from very limited
effectiveness. New Hanover County, North Carolina, has estimated that the
total annual cost to replace all of the sand eroded from county beaches would
be over $5.2 million dollars.l? Great expense and effort can be expended to
replenish beach materials only to find that a substantial amount of this
material is lost during the next winter storm.

Exclusive reliance on emergency response and evacuation measures will
also be inadequate. Such an approach does nothing, of course, to protect
public and private property, and the sharp increases in coastal population is
serving to dwarf existing evacuation capacities. Moreover, as already noted,
there has been little improvement in our scientific and technical ability to
predict and forecast hurricanes. One much discussed response to these
problems is to evacuate coastal residents vertically--that is, in private
engineered structures on the coast. There are, however, a host of legal and
practical problems with this idea which have yet to be resolved (e.g., the
legal liability of the owners of these structures) and a basic question
concerning the safety of residents.13 Vertical evacuation, or refuge, as it
is sometimes called, can create potentially catastrophe situations where a
single building failure may lead to a high loss of human life.

Heavy reliance on federal programs, specifically flood insurance and
disaster assistance, may also be inappropriate. In both programs the federal

government appears to be moving away from private subsidies to a position of

12New Hanover County, N.C., County Involvement in Beach Erosion (1982).
Jack D. Salmon, "Vertical Evacuation in Hurricanes: An Urgent Policy
Problem for Coastal Managers," 12 Coastal Zone Management Journal, No. 2/3.
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greater financial responsibility for states, localities, and individual
property owners. It seems apparent that future federal disaster aid will be
strongly contingent on the good faith efforts of states and localities to
mitigate hurricane and coastal storm hazards. In short, local and state
governments can no longer turn to the federal government for a carte blanche
on recovery and reconstruction. Instead, they must act in ways which
responsibly prevent or reduce these potential losses in the future or be
willing to suffer the losses in an increasingly unilateral manner.

Any effective mitigation program must be founded on a full understanding
of the natural dynamics of the coastal environment. As noted, in recent years
much of the coastal development has been occurring on extremely hazardous and
environmentally-sensitive barrier islands, and much of the focus of this
report is on management approaches which can be undertaken in this context.
Barrier islands have been shown to migrate and are composed of a complex set
of natural dynamics (e.g., washover processes, littoral drift, inlet
formation, dune and beach dynamics) which are in turn modified by hurricanes
and storms.14 Coastal erosion, whether a result of normal offshore littoral
patterns, the occurrence of hurricanes and storms, or the general rise in the
sea level, makes development along the shores of barrier islands particularly
tenuous. Effective mitigation approaches, and the approach adopted in this
manual, build upon an understanding of, and are sensitive to, those natural

dynamics.

l44allace Kaufman and Orrin Pilkey, The Beaches are Moving: The Drowning
of America's Shoreline, Garden City, NJ: Doubleday Book, 1977; Stephen

Leatherman, The Barrjer Islands Handbook, Baltimore: University of Maryland,

1979; Orrin Pilkey et al, From Currituck to Calabash: Living with North
Carolina's Barrier Islands, Durham, NC: Duke University Press, 1980.
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This mitigation manual is concerned primarily with the use of growth
management as a strategy for reducing coastal storm hazards. Growth
management can be defined as a conscious attempt on the part of govermment to
influence, either directly or indirectly, the location, density, type, and
timing of quality of urban growth and development occurring in a community.15
This can be accomplished through a number of specific programs and policies
described in this report, including the direct regulation of coastal
development (e.g., through zoning and subdivision ordinances), land and
property acquisition, capital facilities policies, and taxation and fiscal
incentives. These techniques have in common the objectives of reorienting or
redirecting urban development away from the most hazardous coastal locations.

While the focus of the manual is on the use of growth management
techniques, we do nof wish to imply that this is the singular approach that
localities should adopt. Just as the previously-described techniques have
limitations, so also does growth management. For instance, growth management
approaches, as we have described them here, can do little to mitigate the wind
hazards generated by hurricanes. These hazards are best addressed through
local and state building codes. We present growth management as a tool to be
used as a supplement to other mitigation programs--to correct for the

limitations of other techniques. Each locality will have to decide on the best

overall strategy and combination of mitigation approaches.

15pavid J. Brower et al, Managing Development in Small Towns, Chicago:
APA Planners Press, 1984; David R. Godschalk, David J. Brower et al,
Constitutional Issues of Growth Management, Chicago: APA Planners Press,
1979.
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Figure 1.2

DISASTER RESPONSE STAGES
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As Figure 1.2 indicates, there are several key phases in the disaster
process or cycle. Two of these, pre-hurricane mitigation and post-hurricane
reconstruction, are of concern to us here. The growth management approach to
mitigating coastal storm hazards, and the specific programs and policies
described in the chapters to follow, can find effective application in both of
these stages of the disaster cycle. In the pre-storm phase, growth management
seeks to influence the normal patterns of development--both new development
and normal redevelopment of older developed areas. During reconstruction, and
depending upon the magnitude of the event and level of destruction,
opportunities will exist to mitigate future losses by rebuilding in safer

locations and through safer development and building designs.

Plan for the Manual

The following chapters seek to provide local officials in coastal
jurisdictions with a clear understanding of the concept of growth management
and of the specific programs and policies which can be used to mitigate storm
hazards both in advance of and following a hurricane or storm. Chapter 2
introduces more fully the concept of growth management and discusses in detail
the various community goals and objectives which can be advanced through such
programs. It places hurricane and coastal storm hazard mitigation within a
broader, multi-objective framework and discusses ways in which local goals and
objectives can be dovetailed. It also introduces the concept of risk and
discusses theoretical issues in determining acceptable local levels of
hurricane and storm risks. Chapter 3 describes the intergovernmental and
institutional context in which hurricane hazard mitigation and local growth
management occur. Included are, for instance, a discussion of the nature and

extent of local powers and a description of relevant federal and state laws
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and administrative procedures which have some bearing on local mitigation
efforts.

Chapter 4 provides a methodology for identifying, mapping, and evaluating
the different risks associated with hurricanes and coastal storms. It focuses
on practical approaches and on identifying readily available sources of data
and information. Chapter 5 provides a detailed review of the alternative
growth management tools and techniques that can be employed in reducing local
hurricane risks. Examples of their use in North Carolina and in other states
and localities are provided. In addition, Chapter 6 describes the unique
needs and decisionmaking pressures evident in the aftermath of hurricane or
major storm. A number of alternative institutional approaches to managing
reconstruction and redevelopment during this period are reviewed (e.g.,
moratoria on redevelopment, reconstruction task forces).

Chapter 7 provides an overview of the legal issues pertaining to this
subject. It discusses the legality and constitutionality of the various
growth management tools and techniques described earlier. It also discusses
other legal issues of relevance to the hazard mitigation area, such as the
liability of local governments to prevent development in dangerous coastal
locations. Chapter 8 adds a final summary and concluding note on the
necessity of local leadership in coastal hazard mitigation. Finally, two
appendices contain background information on the nature of hurricanes and
coastal storm hazards, as well as model mitigation ordinances. It is our hope
fhat this guidebook can serve as a reference and a resource to help local
officials in the adoption and effective implementation of growth management

programs.



Chapter 2

Wt a ment to uce rricane and Coas orm Hazards

uction

This chapter introduces the concept of growth management and places it in
a risk assessment framework. Growth management is an effective approach to
mitigating hurricane and coastal storm risks, yet before this technique should
be applied, the locality must make the determination that colleqtive risks,
existing or future, are in some sense unacceptable. Accordingly, the first
section of this chapter will present a broad theoretical framework in which
local officials can consider the relative hurricane risks in their particular
locality, and the extent to which mitigation or reduction of these local risks

is considered desirable.

Placing Hurricanes and Coastal Storms in g Risk Analysis Framework

As Appendix I discusses in detail, hurricanes and severe coastal storms
generate physical forces which put property and human lives at risk. This is
an endemic threat in coastal living. The existence of such threatening
physical forces does not automatically suggest that we retreat from the coast.
On the contrary, coastal environments are increasingly attractive places in
which to reside and work. The question is one of balancing the dangers of
coastal living against the benefits derived from it, and of deciding what
constitutes an acceptable or unacceptable level of risk. Where risks are
determined to be unacceptably high, certain actions (e.g., exit, mitigation,
risk-sharing, etc.) are then called for.

Figure 2.1 presents a general framework for understanding the process of

risk analysis and in which to place hurricane and coastal storm risks. Two
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primary components of risk analysis can be identified: risk determination and
risk evaluation.! 1In the first determination stage, the primary task is to
identify'and estimate the range and extent of the risks involved. The second
element concerns whether to accept the risk, and, if so, to what extent. Risk
determination involves quantifying the risks associated with hurricanes and
coastal storms, and risk evaluation involves deciding whether, and in what
ways, individuals and collective bodies should respond to these risks.

Chapter 4 deals with the identification and quantification of hurricane risks
and reviews a number of methodologies and techniques by which to accomplish
this. The discussion which follows in this chapter deals with issues involved

in risk assessment.

Risk Evaluation: Assessing the Acceptability of Coastal Storm Hazards

When a locality has identified the existence and extent of hurricane and
coastal storm hazards, it must determine whether these risks are acceptable.
In most cases the question will be one of degree: that is, to what extent are
they acceptable and beyond what point are they no longer acceptable? Once
these questions are answered, then appropriate actions and policies can be
taken which bring levels of risks in line with decisions about acceptability.

From a philosophical point of view, several policy positions might be

taken when defining "acceptability.“2

1William D. Rowe, "Governmental Regulation of Societal Risks," 45 Geo.
s ev, 944-968 (1977).
This discussion is taken largely from Beatley, Influences on the
Priority, Adoption, and Effectiveness of Local Coastal Storm Hazard
Mitigation, Chapel Hill, NC: UNC Center for Urban and Regional Studies, 1986.
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1. Reduce hurricane risks to the greatest possible extent. This

position would argue that no degree of coastal storm risk should be accepted
and that every possible mitigative action, no matter what its cost, should be
undertaken. This appears an untenable position and would seem to call for a
complete retreat from the coastline altogether. This position does not
acknowledge that taking risks may yield significant social benefits and that
complete mitigation may tend to be very costly from a social point of view.

2. PBalance hurricane risks against social benefits. A more moderate
position would argue that the acceptability of social risks must be balanced
against the benefits obtained from taking or permitting these risks. For
instance, the social benefits derived from building a high-rise hotel in the
500-year flood zone ("B" zone) might be deemed to far outweigh the storm or
flood risks associated with this location. On the other hand, if the building
were proposed for a location in a high velocity wave zone ("V" zone), the
risks may be judged to exceed the benefits derived and that preventing its
location here is then justified.

In assessing these costs and benefits, a number of factors must be
considered.> An important consideration is whether there is a reasonable
alternative to the risk-creating action in question. Even though it may be
determined that the benefits of permitting development in a hazardous location
exceed the risks, can such development yield the same level of benefits but at
a location which involves fewer risks? It can be convincingly argued, for
instance, that coastal setbacks do not reduce the overall benefits from
coastal development but rather move them back from the ocean, in turn reducing

the level of storm risk and increasing the net benefits produced.

3William W. Lowrance, Of Acceptable Risk, Los Altos, CA: William
Kaufman, Inc.



22

3. A maxjmum acceptable hurricane risk. A standard such as the previous

one may lead to a utilitarian maximizing of net social benefits, regardless of
the actual impacts on individuals. For instance, it might be argued under the
balancing approach that, even though a number of individuals are likely to be
killed should a hurricane hit the locality, the social benefits of permitting
hazardous development (e.g., levels of development in excess of evacuation
capacity) exceed these\social costs. This is clearly unacceptable from the
point of view of individuals losing their lives in these circumstances.
Consequently, a "maximum acceptable risk standard" would not be acceptable.
For instance, we may establish that, regardless of the level of net social
benefits that might result from such a practice, no additiénal coastal
development will be permitted to occur if it raises required evacuation time
beyond 12 hours (or whatever is deemed the maximum risk that any average
evacuating individual should have to face).

4. An_equitable distribution of hurricane risks. Hurricane and coastal
storm risks can be distributed in many different ways, even when satisfying
some of the above standards. This evaluatory standard or principle would
suggest that an existing risk may be unacceptable because it is distributed
unfairly. For instance, a locality may assess developers or homeowners for
the full costs of public facilities located in particularly hazardous sites
because it feels that it is unfair for the larger public to subsidize such
private activities. A locality may take certain risk-reducing actions, for
instance the building of new storm shelters, because it determines that

hurricane risks are unfairly high for elderly and lower-income residents.
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sue of Vo -borne Risks

An important value question which policy makers dealing in this area will
undoubtedly confront is the extent to which local governments in their
attempts to reduce coastal storm risks are usurping the risk-taking authority
of the individual. 1Is it legitimate for the locality to judge as unacceptable
a risk which the individual has judged to be acceptable (e.g., building a home
on the water)? Response to such arguments hinges in large part upon empirical
understandings of the risk. Most individual risk-taking behavior is not
strictly "exclusive"; that is, one person’s risk-taking behavior affects the
welfare of others in the community. With respect to coastal storm hazards,
this non-exclusivity occurs in numerous ways. Homes built in high hazard
areas can turn into battering rams, destroying homes in other locations.
Construction too close to the ocean, and the protective works which usually
follow, are highly erosive and may serve to undermine the beach and dune
system which protects other homeowners. Structures built in high hazard areas
may also comprise a significant portion of the local tax base, so that the
cumulative effect of individual risk-taking could endanger the fiscal health
of the whole community. In terms of lives, when residents must be rescued
from hazardous locations, rescue workers risk their own lives and public
agencies expend their resources. One coastal resident’'s need to evacuate
reduces the ability of other coastal residents to do so. The list of such
"public effects" is extensive.
| However, even if an individual’s risk is in fact completely internalized
(i.e., does not affect someone else or the public in general), there may

remain legitimate reasons for public risk-reducing actions.# 1Individuals

4Timothy Beatley, Development Management to Reduce Coastal Storm Hazards:
Policies and Processes, Chapel Hill, NC: UNC Center for Urban and Regional

Studies, 1985.
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often lack the time, resources, information, or specific cognitive abilities
to engage in risk calculations. For instance, the adoption of a Jurisdiction-
wide building code is clearly justified in that the average coastal homebuyer
would not have the necessary information or expertise to adequately evaluate
the ability of the structures to withstand hurricanes. Moreover, it can be
convincingly argued that the public sector has strong ethical obligation to
protect the health, safety, and welfare of individuals, an obligation founded

on democratic consent.

urricane Hazard Mitigation Goals and Standards
Judgments about the acceptability of coastal hurricane and coastal storm
hazards will in turn lead to the consideration and adoption of hazard
reduction goals and a specific ordering of these goals. Such goals then serve
to guide the development of more specific programs and policies to implement
them. These goals might be generated by the following questions which

summarize earlier discussion:

A. Are existing risks acceptable?
© No == 1. Reduction of human injury and loss of life.
2. Reduction of damages to existing development.
3. Reduction of damages to existing public
facilities and structures.
o Yes

Do nothing.
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B. Are future risks acceptable (given best available knowledge of
the future)?
o No m=p 1. Reduction of human injury and loss of life.
2. Reduction of damages to future development.
3. Reduction of damages to future public

facilities and structures.

o Yes

Do nothing

These goals can then be ranked, depending upon the specific priorities
and concerns of the locality. For instance, in a barrier island locality
where most development is located in the least hazardous locations and yet
where evacuation off the island is difficult, reducing the level of risks to
human life may be of greatest importance. 1In a locality where evacuation is
relatively easy, yet where development has and continues to occur in the most
hazardous locations, priority may be given to the reduction of damages to
property. It should be remembered, however, that which goals receive priority
will depend upon judgments about the nature of the local risk. Reducing risks
to human life may be the most important goal even in the locality where
evacuation is relatively easy, if officials believe that substantial numbers
of residents will remain in their homes during a hurricane and that prevailing
building practices are not adequate to prevent major catastrophes from
occurring.’

Once these relatively general goals are established, it is advisable that
a locality seek to develop more specific risk-reduction standards. These can
then serve as operational standards of what is or is not an acceptable level
of risk and will provide specific guidance in selecting appropriate policies
and programs to achieve them. Some examples of such standards might include:

o Total required evacuation time for the locality shall not exceed 24
hours;
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o No more than 25 percent of the total value of taxable private property
shall be located in the 100-year floodplain;

o No future residences or other structures shall be located in Coastal
High Hazard Zones (V zones);

o Development in areas in the community where the storm hazard is
greatest will not be permitted until development capacity in safer
locations has been reached;

o Residential development shall not occur seaward of the beach road,
unless a protective dune exists to shield it from storm forces;

o Etc.

Integrating Risk Reduction and Other Local Objectives

The relation of storm hazard reduction goals and the programs designed to
advance them to other community objectives should always be considered. Among

these non-mitigation goals might be some of the following:

o The protection and enhancement of the natural environment and
ecosystem;

o The enhancement and improvement of the local economy and the adequate
provision of employment and income for residents;

o The availability of sufficient and affordable housing stock for
existing and future residents:

o The protection of aesthetic and scenic characteristics of the coastal
environment;

o The preservation of the high quality of life and small town atmosphere
of the community;

o The achievement of efficiency in the provision of public services and
facilities.

If, for instance, the protection of coastal wildlife areas is an
important local goal, this may be accomplished through the public acquisition
of such lands, which are likely also to be areas susceptible to hurricane and

storm forces. Acquisition of these lands in these cases serves multiple local
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goals. Certain mitigation policies, such as setbacks and density restrictions
for instance, may also serve to advance local goals of preserving aesthetic
resources and ensuring the economic attractiveness of the area. It is
important to integrate mitigation goals with other pertinent local goals and
objectives. This will almost certainly tend, as well, to enhance the

political and financial acceptability of such measures.

agemen ce Hurricane and Coastal Storm Ris

This section discusses the use of growth management tools and techniques
as an effective approach to reducing many of the risks and hazards associated
with hurricanes and coastal storms. Growth management has been defined to
include programs and policies which serve to influence the location, density,
timing, and type of development occurring in a community.5

Growth management programs, as we define them, have historically

been designed to address a number of social and economic objectives. Primary
among these objectives has been the promotion of compact and contiguous urban
development, the provision of cost-efficient sewer, water and other public
services, and the protection of the natural resource base (e.g., productive
farmland and forestland). Growth management programs have in more recent
years attempted to address such problems as the availability of affordable

housing6 and the protection of aesthetic and visual resources.’

Spavid J. Brower et al, Managing Development in Small Towns, Chicago: APA
Planners Press, 1984; David J. Godschalk et al, Constitutional Issues of

Growth Management, Chicago: APA Planners Press, 1979.

6. Dennis Keating, "Linking Downtown Development to Broader Community
Goals: An Analysis of Linkage Policy in Three Cities,” 52 Journal of the

American Planning Association 1986, No. 2 (summer): 133-141.
Christopher J. Duerksen and Mary C. Bean, "Land and the Law 1985: A Run

on the Bank," 17 The Urban Lawyer No. &4, 827-870 (1985).
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stics o owth

Growth management programs and policies can accomplish goals of hazard
mitigation as well as the range of social and economic goals identified above,
by seeking to influence or modify one or more characteristics of urban growth
and development. These key characteristics or dimensions of growth include
the following:

1. cation. A primary strategy for reducing hurricane and coastal
storm hazards is to avoid the location of human activities in close proximity
to the source of these hazards. This may suggest, for instance, that high
hazard coastal storm surge zones be left in an undeveloped state.

2. Density. An important determinant of the extent of risk from
hurricane hazards is the density of development which occurs in high hazard
locations. Actions may be taken, for example, to ensure that low development
densities occur in these high hazard areas, such as low density residential.
The overall density of development in a community may be controlled or
influenced, for example, to ensure the ability of residents to evacuate in the
event of an approaching hurricane.

3. Iiming. The phasing or timing of growth may be desirable in order to
ensure that local planning capacity and local services and facilities crucial
to responding to hurricane and coastal storm disasters are not outstripped.
Future development on a barrier island, for example, may be phased according
to the capacity of the local street and bridge system to accommodate
evacuation in the event of a hurricane.

4. Type. The type of growth or development refers to the actual uses to
which land and space is put. Typical uses include commercial and industrial,

single family residential, multifamily, open space and recreational uses, and
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so on. The presence of storm hazards may suggest that certain uses are more
appropriate than others in certain high hazard areas. For instance,
recreational and marina areas may be the most appropriate uses for high hazard
flood zones, because they involve low levels of property, and do not serve to
undermine the preexisting protective features of the natural environment

(e.g., dunes, vegetation, etc.).

Conclusion

How should communities go about deciding how to respond to hurricane
hazards? Risk analysis is a good first step in developing a growth management
policy to reduce coastal storm hazards. This chapter suggests that local
governments focus the policy debate on community attitudes towards coastal
hazard risks--the extent to which risks should be reduced, the levels of risk
that balance out against the benefits of development, the maximum risk
acceptable, and which elements of the community bear the risks. Local
governments cannot necessarily escape responsibility by relying on
voluntarily-borne risks, because the external effects and unintended
consequences of individual risk-taking often call for public intervention.

Once a community generates overall hazard reduction goals, it can then
rank and operationalize its objectives, specifying such standards as an
evacuation time limit or restrictions on the type and level of development to
be allowed in high hazard areas. These mitigation planning guidelines can
often be integrated with other local policies, such as protecting the coastal
environment or preserving a distinctive atmosphere and quality of life.

In many cases local governments can best achieve their hazard mitigation
goals through growth management, which reduces risks by reducing the exposure

of lives and property to coastal storm hazards. Growth management limits and
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guldes new development by modifying its location, density, timing, and type,
thereby reorienting intensive development away from hazardous locations.
Chapter 5 specifies the growth management tools and techniques available to
implement local mitigation strategies, following Chapter 4's discussion of
the tools which local governments can use to identify hazard location and

exposure.



Chapter 3

Institutional Context for Coastal Growth Management

Though growth management, like all land use regulation, is traditionally
a local government responsibility, coastal local governments must operate in
an interlocking framework invelving all three levels of government- - federal,
state, and local. The interrelated programs and agencies affecting coastal
area man#gement present a complex web of legal requirements and political
pressures with which local governments should become familiar in designing and

implementing their own hazard mitigation policies.

I. The Federal Government

Perhaps the originating impulse for coastal area management in general
and storm hazard mitigation in particular comes from the federal government,
especially in terms of funding and setting the policy agenda. Because of the
Commerce Clause of the U.S. Constitution, which empowers Congress to regulate
navigation and interstate commerce, the federal government has always had a
strong presence on the coast. The regulation of navigation led to a direct
involvement in coastal development, through the activities of the Army Corps
of Engineers (COE) in constructing breakwaters, dredging channels, regulating
private construction, and otherwise promoting navigation and commerce. More
recently, other federal agencies such as EPA have regulated private
development activities under the authority of environmental legislation, to
protect coastal waters from pollution and coastal environments from
degradation. Currently, the federal presence on the coast is confusing and

multifaceted: different federal agencies play the roles of developer,
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financier of private development, regulator, and facilitator of state
government programs. These forms of federal involvement in coastal
development regulatory policies are in addition to the background role of the
National Weather Service in providing the hurricane monitoring, forecasting,
and modeling services which yield the raw data for coastal area management.
Though the federal government's commerce power is so extensive that it
could theoretically pre-empt all state and local coastal management, federal
coastal policies have been described as a paradigm of the New Federalism, in
which the federal government does not directly regulate state government or
private activity, but engages in program support and institution-building,

1 The lure of federal dollars, even with

usually through categorical grants.
complicated procedural and legal strings attached, has been effectively used
to create agencies and procedures at the state and local levels rather than to
mandate substantive coastal policy. The New Federalism model aptly describes
the two federal programs with the greatest effect on coastal hazard

mitigation: the National Flood Insurance Program (NFIP) and the Coastal Zone

Management Act.

A. National Flood Insurance Program

A significant factor in coastal development as a whole and a major
impetus for local mitigation programs, the NFIP was established by the
National Flood Insurance Act of 1968. The program is intended to reduce the
magnitude of flood disaster losses and federal disaster aid by providing
federal flood insurance to floodplain residents, in return for building codes

and land use control measures by the appropriate local government. Since

1g. Finnell, Intergovernmental Relationships in_the Coastal Zone, 25 Nat.
Res. J. 31 (1985).




private-sector flood insurance is often unavailable, local governments would
be encouraged to qualify for the program in order to make the insurance
benefits available to their residents. At the same time, the required
development regulations would ensure that new construction would be better
protected from flood hazards, thus diminishing the necessity for flood
insurance claims payments and federal disaster aid expenditures.2

The program is initiated when the Federal Insurance Administration (FIA),
a division of the Federal Emergency Management Agency (FEMA), identifies a
flood-prone community, generally one which contains a 100-year floodplain.

After FIA prepares a Flood Hazard Boundary Map for a community, the local

2The New Federalism approach of the NFIP was upheld in Texas Landowners

Rights Ass'p v, Harris, 453 F.Supp. 1025 (1978), aff'd 598 F.2d 311 (1979),

cert. den. 444 U.S. 927 (1979). The court found that conditioning flood
insurance benefits on enactment of development restrictions was not an
unconstitutional interference with state sovereignty.
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government can enroll in the emergency phase of the NFIP, instituting
preliminary development regulation and making limited insurance coverage
available to its residents. Except for communities identified as minimally
flood-prone, before a jurisdiction enters the regular phase of the program,
FIA undertakes a detailed flood hazard survey which delineates and categorizes
the geographical extent of potential hazards and is graphically represented by
a Flood Insurance Rate Map (FIRM). As its name suggests, the FIRM provides
the basis for setting flood insurance premiums for particular properties, but
it also determines the extent and level of required development regulations,
usually elevation requirements. For instance, the 100-year floodplain in a
community is basically divided into A-zones and V-zones. The latter, being
subject to wave action as well as storm surge up to the 100-year flood level,
necessitates stricter elevation and construction standards for new development
in an enrolled community.3
In terms of widespread participation, the NFIP has been a great success
in attracting local governments to enroll, but it has been rather less
successful in controlling development in vulnerable coastal areas:
The benefits to communities and their citizens are so great that most
coastal communities do participate in the program. However, the program
has not been successful in discouraging development in hazardous coastal
areas . . . The availability of federally subsidized flood insurance has
eliminated much of the economic risk involved in coastal development.

Even though the availability of subsidized insurance has to an extent

perpetuated the disaster/federal aid/rebuilding/disaster cycle the NFIP was

3Specific technical provisions of the NFIP are discussed in Chapter 4.

Hildreth, Legal Aspects of Coastal Hazards Management, in Edge (ed.),
Coastal Zone '80, Vol. II, Proceedings of Second Symposium on Coastal & Ocean
Mgmt., Am. Soc. of Civil Engineers (1980), at 1374. The extent to which the
NFIP has contributed to coastal development is controversial. A GAO Report,
Flood Insurance: Not a Significant Factor in Encouraging Coastal and Barrier
Island Development, August 1982, concluded that subsidized flood insurance was

only a marginal added incentive to development.
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designed to interrupt, the program has had significant positive effects on
coastal hazard mitigation planning. The work done by FIA in delineating flood
hazard zones, preparing detailed maps, and promulgating development
requirements has provided the technical basis for state programs, such as the
designation of flood hazard AECs under CAMA, and for the design of local land
use plans. NFIP funds and regulations have brought coastal hazard mitigation
to the attention of local governments and have suggested methods to approach
the problem. Federal grant requirements have provided a constituency for
mitigation and an incentive for cautious reconstruction at a time when many
coastal local governments and property owners may think only of rebuilding the

status quo ante as soon as possible.

B. Post-Disaster Aid

FEMA has also sought to encourage local government hazard mitigation in
the context of its post-disaster aid programs. Federal financial assistance
has long been a familiar feature of the aftermath of storms and other natural
disasters, and there are a wide variety of aid programs available for both
individuals and governments.5 The institutional structure of federal disaster
assistance has been codified under the Disaster Relief Act, which made FEMA
the lead agency for all federal disaster relief efforts.® Under the Act,
most federal aid is contingent on a Presidential declaration of an "emergency
or major disaster." The Presidential declaration is promulgated after the
governor of the affected state formally requests federal aid and certifies

that state and local resources are inadequate. The governor's request must be

3see generally Chapter 6; also Propst, Federal Programs Providing

Disaster Assistance to Coastal Local Governments Following a Hurricane: A

Handbook for Local Government Officials, Chapel Hill, NC: UNC Center for
Urban _and Regional Studies, April 1984,
642 U.s.C. §5121 et seq.
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sent to the FEMA Regional Director and forwarded through the Director of FEMA
to the President for a decision. Once the President issues a declaration, the
governor and the FEMA regional director sign a Federal-State Disaster
Assistance Agreement which specifies how federal funds are to be used.

Pursuant to §406 of the Act, the federal-state agreement also includes a
condition that state and local governments must evaluate applicable natural
hazards and develop a hazard mitigation plan "including safe land use and
construction practices"” for the disaster area in order to receive further
federal funds. The §406 plan must be submitted to FEMA within 180 days after
the President’'s proclamation, and is often based on the initial work of a
federal/state/local survey team and the Federal Interagency Regional Hazard
Mitigation Team.’

Another post-disaster program which FEMA employs to reduce potential
disaster losses is the damaged property purchase and relocation program of
§1362 of the NFIP. In many cases, it would be cheaper for the FIA to purchase
properties in particularly hazardous locations and leave the land vacant
rather than continue to pay periodic flood insurance claims and allow
reconstruction after a regular cycle of floods, especially if local floodplain
regulation forbids or restricts reconstruction. Until 1983, FIA used the
"constructive total loss" approach where frequently-flooded properties which
were damaged, but not destroyed, in the latest storm were deemed total losses
and their owners paid off up to the flood insurance policy limits, with the
damaged property dedicated to the local government as open space. Section

1362 systematized this process by allowing FIA to purchase insured properties

’D. Brower, D. Godschalk, & T. Beatley, Implementing Coastal Storm ard
Policy, Center for Urban & Regional Studies, UNC-Chapel Hill, 1986, Ch 4.,
§2.3.5.
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which were either damaged beyond repair, had been flood-damaged for three of
the past five years, or were legally prohibited from being reconstructed. FIA
uses eight "community selection factors" to allocate its §1362 funds. The
§1362 program, though it has worked effectively in several cases and is
considered an effective mitigation measure, is vastly underfunded when

compared to the estimated number of eligible structures. 8

C. astal Zone Management Act

The exemplar of the New Federalism, the Coastal Zone Management Act of
1972, did not mandate any specific coastal land use politics, but instead
sought to institutionalize "management" of coastal resources.’ The Act sought
to encourage state coastal programs, within a specified format, to establish
planning and permitting procedures which would balance the conflicting
residential, recreational, economic, and environmental uses of the limited
resources of the coastal zone, while local governments would retain
substantial responsibility for land use regulation.

To be approved under the CZMA, state coastal plans had to conform to
certain structural and procedural requirements, such as defining the
boundaries of the coastal zone, establishing standards for permissible land
and water uses, and designating areas of particular concern, including storm
hazard areas. Once approved by the Office of Coastal Zone Management in NOAA,
states became eligible for federal grants for both program development and
program implementation and administration. This attractive funding incentive

was probably the major factor in the widespread acceptance of coastal zone

8Brower, Godschalk, Beatley, Implementing Coastal Storm Hazard Policy,

Ch.4, §2.3.4,
9M. Wolf, Introduction and Overview, Accommodating Tensions in the

Coastal Zone, 25 Nat. Res. J. 7 (1985).

e e b
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planning by coastal states, but the CZMA also provided another incentive in
the form of its federal consistency provisions, which was very important to
some states. In states with approved coastal plans, federal public works,
development projects, permitting, or other programs must conform to the

maximum extent practicable to the state coastal policies and guidelines.lo

D. Funds Cutoffs

Federal involvement with coastal development policies is not restricted
to grants and incentive programs. In addition to the strings attached to
federal aid carrots, the federal government is at times willing to use the
stick--a cutoff of funds for unrelated programs in order to achieve coastal
management objectives. These programs go beyond denying NFIP benefits to
communities which don’t abide by its restrictions, because the NFIP, like the
CZMA, is entirely optional (though financially very attractive). The Coastal
Barrier Resources Act, by contrast, forbids any federal expenditures which
assist in developing designated barrier islands (infrastructure, mortgage
financing).11 Because certain undeveloped stretches of barrier islands,
including portions of the Outer Banks, were found to serve as natural storm
barriers and were unsuitable for development, CBRA prohibits federal aid for
road and bridge construction, disaster relief, or flood insurance on
structures within the designated barrier areas. The effects of CBRA on
shoreline development are still being debated, but the Act points out a
potential new approach in the use of the federal spending power--withdrawing

financial support which local governments and developers may have taken for

1016 u.s.c. §1456.

1196 y.s.c. §3501 et seq. CBRA was recently upheld against a
constitutional due process challenge that the designation of part of Topsail
Island as an undeveloped barrier beach was irrational. Bostic v. U.S., 753
F.2d 1292 (1985).
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granted--to accomplish federal coastal policy.12

Prior to CBRA, President Carter in 1977 issued two executive orders
directing federal agencies to avoid supporting development in floodplains
(E.O. 11988) and wetlands (E.0.11990). Agencies were required te refrain from
financing or permitting development projects in flood hazard areas or wetlands
unless "no practicable alternatives" exist. The executive orders and the
regulations adopted to implement them are designed to undertake a consistent
federal policy to discourage wetland and floodplain development. Executive
orders do not have the full force of law in terms of binding the agencies to
third parties, but are binding on the agencies within the Executive Branch.

In other words, insofar as federal agencies have discretion to allocate or
withhold funds under the appropriate statutes, they are required by the Chief
Executive to exercise that discretion to avoid wetland and floodplain
development. 1In practice, the E.0. 11988 and 11990 regulations have evolved
into a set of procedural requirements for environmental impact statements

similar to those of the National Environmental Policy Act (NEPA).13

E. Environmental Regulation

As part of its plenary commerce power, the federal government is able to
regulate activities which affect the nation's air, water, and environment. Of
the major federal environmental statutes and programs of the late 1960's and
early 1970's, the measure most significant for coastal zone management is the
Federal Water Pollution Control Amendments of 1972. The FWPCA, codified at 33

U.S.C. §1251 et seq., contain numerous complex water pollution initiatives

12R. Kuehn, The Coastal Barrier Resources Act and the Expenditures
Limitation Approach to Natural Resource Conservation: Wave of the Future or
Island Unto Itself?, 19 Ecol. L.Q. 583 (1984).

See, e.g., County of Bergen v. Dole, 620 F.Supp. 1009 (1985); Sierra
Club v, Hassell, 636 F.24 1095 (1981).
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(including the §401 Water Quality Certification and the §402 National
Pollution Discharge Elimination System permits), but the most salient
provision for coastal management is the §404 permit process. Section 404 of
FWPCA directs the COE to regulate and grant permits for the discharge of
dredged and fill material into the nation's waters and wetlands. The scope of
the §404 program is extensive, comprising not only the navigable waters which
COE had been accustomed to regulating in the interests of navigation, but also
all waters which affect navigable waters, their tributaries, and adjacent
wetlands. Consequently, almost any development activity in the coastal area
which involves dredging or filling waters or wetlands will require a §404
permit,

Unlike the NPDES and other environmental permit programs, the authority
to administer the §404 program has not been sought by the State of North
Carolina, but the COE has agreed with North Carolina agencies to institute a
joint permitting process, with a single application form for all activities
requiring both state and §404 permits (including major development permits in
AECs under CAMA). The §404 process comes under the CZMA's consistency
provision, so that the §404 permit applicant must either obtain a Certificate
of Consistency from the DCM or a CAMA permit, which itself serves as an

indication of consistency with state coastal policies.14

ligee Gale, Propst, & Sappie, 404 Feasibility Study Final Project Report,
Raleigh, NC: Center for Environmental Studies, May 1985.



41

1l. State Government

In the American federal system, states are independent sovereigns, and
povers not granted to the federal government under the U.S. Constitution
remain with the states.l® This residual sovereignty includes above all the
police power, the authority to'regulate private conduct and property in the
interests of the public health, safety, and general welfare. State police
power is the ultimate legal basis for zoning and other forms of development
regulation, while taxing and spending authority is another attribute of
independent sovereignty. Subject to the supremacy of federal law, states can
regulate development, tax, and spend as they see fit.

State governments are also intimately concerned with coastal issues as
owners of much of the shoreline. Under the common law doctrine of the public
trust, states hold title to submerged lands and tidelands in perpetual trust
for public use in navigation, commerce, fishing, etc. In North Carolina and
most other coastal states, the state’s ownership extends landwards up to the

16

mean high water line. In this shore area the state can exercise all the

normal powers of private ownership as well as governmental authority.

A. The Coastal Area Management Act

Since the state is the ultimate source of police power authority, it,
like the federal government under the commerce power, could entirely pre-empt
coastal area management if it chose to do so. Instead, through the framework
of the Coastal Area Management Act of 1974, North Carolina has established a

cooperative planning program which respects the traditions and political

15See 10th Amdmt., U.S. Constitution.
Consequently, the boundaries of the beach area to which the state has
title can shift with beach erosion and accretion. See Carolina Fishing Pier,
Inc. v. Town of Carolina Beach, 277 N.C. 297 (1970).
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potency of local control of land use regulation, while simultaneously
advancing broader interests in more comprehensive coastal management:

This Article establishes a cooperative program of coastal area management

between local and State governments. Local government shall have the

initiative for planning. State government shall establish areas of
environmental concern. With regard to planning, State government shall
act primarily in a supportive standard-setting and review capacity,
except where local governments do not elect to exercise their initiative.

Enforcement shall be a concurrent State-local responsibility.

In some ways the North Carolina CAMA is a CZMA brought down to the state
level.l® caMA is administered by the Coastal Resources Commission,
representing a variety of public and private interests, aided by the Coastal
Resources Advisory Council, which includes local government representation,
and staffed by the Division of Coastal Management in the State Department of
Natural Resources and Community Development. The CRC has proﬁulgated overall
state guidelines for public and private land use in the coastal area, to which
all local land use plans and state and local permits must conform.

The CAMA framework seeks to achieve these guidelines through two basic
approaches. First, each county within the coastal area is required, and
municipalities encouraged, to adopt local coastal land use plans for CRC
approval. The DNRCD may furnish grants (originally federal funds from CZMA)
and technical assistance to help develop local planning capabilities.
Regulations issued under CAMA specify the procedures, content, and format of
local plans, and now require specific attention to coastal storm hazard

19

mitigation. The Act’'s second major approach, as contemplated by the CZMA,

is the designation and special state regulation of Areas of Environmental

17y.c.¢.5. §113a-101.
18caMA was upheld against State constitutional challenges that it was an
uncontrolled delegation of power to the CRC and that it was local legislation
in Adams v, DNER and Everett v, DNER, 295 N.C. 683 (1978).
15 N.C. Admin. Code §.07M.0700,
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Concern. The various types of AECs include natural hazard areas.?® Within an
Area of Environmental Concern, any development project must secure a CAMA
permit, with "major" developments (those of a certain physical size or
requifing another state or federal permit, such as a §404 permit) being
permitted directly by the CRC, and "minor" development being permitted by
approved local governments.

Although the local plans and permits and the state permits are required
to conform to overall state guidelines and policies, there is no direct way
for CRC to enforce its guidelines or force local governments to adopt any
specific substantive coastal policy. By contrast, coastal landowners are
given a special, expedited judicial review procedure to determine whether a
permit denial or other CRC order constitutes a taking without compensation.21
Nonetheless, CAMA has been very successful in institution-building at the
local level, introducing local governments to coastal issues and providing
technical and financial aid to help localities, many of which had little
experience with comprehensive land use planning or regulation. In addition,
CAMA's state guidelines and planning requirements provide a convenient form of
compulsion which helps overcome local opposition to coastal land use planning

and regulation.

B. State Building Code

The other major state government program pertaining to coastal hazard
mitigation in North Carolina is the State Building Code. Building codes,
which set standards for construction design, materials, and practices, are an

established subset of the police power used to protect the public health and

20§ .¢.G.S. §113A-113(b)(6).
21N c.G.5. §113A-123(b).
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safety from dangerous building conditions. In some states building codes are
predominantly delegated to local governments, but in other states, like North
Carolina, there is a uniform statewide code. The North Carolina State
Building Code, administered by the Building Code Council, applies throughout
the state, and local governments must receive Council approval for any
deviation, in order to ensure uniform standards for the state’s construction

22 1ocal variations are frowned on, even though local governments

industry.
are expected to actually enforce the Code through building inspection and
permit programs.23 The Code does, however, contain provisions for structures

to withstand higher wind loads in high-wind areas, the designation of which

includes the coastal zone.

III. Local Governments

A. Police Power Regulation

Local governments, with the greatest historical and political attachment
to land use regulation, have no inherent legal authority for such regulation.
Both counties and cities, or municipal corporations, are legally creatures of
the state and can exercise no governmental power--police power, taxing, or
spending--without an express delegation from the state, usually by general
statute or home-rule charter. But the U.S.’s historical concern with local
control over land use, and the profound inability of a central state (much
less federal) government to monitor and regulate a multitude of widely varying
local conditions, have led to a widespread delegation of policymaking as well

as implementation and enforcement authority to local governments.

225 .c.G.S. §143, Art. 9. Because of federal supremacy, local ordinances
enacted pursuant to NFIP requirements would supersede the state building code.

3N.C.G.S. §160-411 et seq. (cities); N.C.G.S. §153A-350 et seq.
(counties).
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In North Carolina, the basic statutory authorities for cities and towns
are compiled in N.C.G.S. §160A, and for counties in N.C.G.S. §153A. Both
cities and counties have been given a general delegation of the full
ordinance-making police power to "define, prohibit, regulate, or abate acts,
omissions, or conditions, detrimental to the health, safety, or welfare of its
citizens and the peace and dignity of the city (county) and may define and
abate nuisances."?4 so long as the local ordinance is not inconsistent with
or pre-empted by federal or state law, local ordinances may require a higher
standard of conduct or condition than state or federal regulation.

In addition to the general ordinance-making power, many specific subjects
are authorized for local regulations, but the statutes state that this

enumeration is not exclusive and does not limit the general ordinance-making

24N.¢.G.S. §8160A-174(a); 153A-121(a).
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power.25 Among the important specific regulatory powers delegated to local
governments are: zoning,26 which is the major tool of hazard mitigation
through building lot size, elevation, setback, density, and other
requirements; subdivision regulation,27 which can require hazard disclosure,
setbacks, and other mitigation measures for new developments; building
inspection;28 and pollution control .29

The grant of regulatory authority to local governments does not ﬁean that
localities have a free hand in coastal hazard mitigation or any other form of
policy. As independent legal entities known as municipal corporations, local
governments have all the rights and responsibilities of a legal person,
including the ability to make contracts and to sue and be sued. Consequently,
home-rule powers carry with them a corresponding legal responsibility to
higher levels of government and to local citizens. Any city or county
enactment in general is invalid if inconsistent with state or federal law, and
local coastal planning and regulation in particular must be approved by the

state under CAMA.30 If cities or counties breach the conditions attached to

federal-local grant programs such as the NFIP and post-disaster aid, they

.C.G.S. §§160A-177; 153A-124.

26y c.c.S. §§160A-381 et seq.; 153A-340 et seq.
27N .C.G.S. §160A-371 et seq.; 153A-330 et seq.
28y .c.G.S. §§160A-411 et seq.; 153A-350 et seq.

29y.¢.G.S. §160A-185.
30According to McQuillin'’s Law of Municipal Corporations, (Callaghan and
Company 3d ed. 1981), §4.107:
The exercise of local police powers of a municipality with a home rule
charter is ordinarily invalid if in conflict with general statutes of the
state, home rule charters being subject to the police power of the state,
except, perhaps, insofar as police powers have been delegated to
municipal corporations by the constitution of the state. The state, even
though it has delegated to a municipality the right to exercise such
power, does not thereby surrender any part of such powers, and may itself
exercise such power not withstanding its delegation, without regard to
whether the matter concerns the state at large or the municipality alone.
[citations omitted]
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would not violate the law per se but might find themselves barred from further
federal largess and possibly become liable for damages.31

B. Non-Regulatory Authority

Local governments have also been delegated many non-regulatory fiscal,
executive, and taxing powers which could be employed in a hazard mitigation
program. In general, all local government authority must be exercised for a
public purpose, but taxing authority is the most restricted, with very
specific statutory delegations of the property which may be taxed and the
purposes for which the taxes may be levied. Police power authority is less
restricted, and local governments have the most freedom to exercise the
spending power.

Supplementing state and federal land acquisition programs, North Carolina
local governments can acquire property for public use as recreational open
space and/or a coastal storm buffer. In addition to the general authority to
acquire interests in land and to use the eminent domain proceedings of
N.C.G.S. §40A,32 and the authority to acquire property for redevelopment,33
counties and cities may acquire a fee simple or lesser interest in land to be
used for open space, which the legislature has declared a proper public
purpose for the expenditure of public funds.3% 1In addition, property taxes
may be specifically earmarked "to provide for shoreline protection, beach
erosion control, and flood and hurricane protection."35 This is ample
authority for local funding of hazard mitigation programs; otherwise, new

types of taxes must be specifically authorized by the state legislature.36

3lgee the subrogation suits discussed in Chapter 7.
328 ¢.G.S. §§160A-240.1;: 153A-158.

338.c.G.S. §8§160A-457, 153A-337.

34y.¢.G.5. §160A-401 et seq.

35N.¢.G.5. §8160A-209(c)(7); 153A-149(c) (7).
36N.C.G.S. §§5160A-206; 153A-146.
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North Carolina localities have not undertaken the assessment of development
impact fees without authorization by Special Act of the 1egis1ature.37 Given
the limited delegation of taxing authority and the derivative nature of all
local government powers, many local governments may be reluctant to attempt
innovative development management programs (especially those involving
taxation) such as TDRs or development moratoria which have not been used
before in North Carolina and the legality of which has not been established.
In any case, local governments do not need to chart an independent,
untried course in developing coastal hazard mitigation programs. Counties and
cities have been delegated extensive powers, especially regulatory powers,
which they can exercise within a framework of state and federal programs.
Higher authority can offer both binding legal requirements, such as CAMA's
mandatory planning, or conditional incentives, such as the strings attached to
the federal NFIP and disaster aid programs. Local governments should be fully
aware of state and federal programs when designing a hazard mitigation plan to

meet their unique local conditions.

37See, e.g., Ch. 536, Sess. Laws 1985 (authorizing the municipalities of
Dare County to impose facility fees); Ch. 498, Sess. Laws 1985 (amending
Raleigh’s charter to allow the city to impose drainage and open space project
fees on new developments).



Chapter 4

de cation and Analysis of Hurricane and Coastal Storm Hazards

A, a d Magnitude and cation

Coastal planners can use a number of existing techniques and data bases
for identifying the location and extent of storm hazards. This section
examines those which involve the nature and extent of the storm forces
themselves; that is, the wind, wave and surge effects that hurricanes and
severe coastal storms can be expected to generate.

1. National Flood Insurance Program (NFIP)l

Established by Congress in 1968 through passage of the National Flood
Insurance Act, the National Flood Insurance Program is a nationwide program to
provide property owners in floodplains with federally subsidized flood
insurance in those communities which implement ordinances to reduce future
flood losses. 1In 1973, Congress passed the Flood Disaster Protection Act
making the purchase of flood insurance mandatory in the identified Special
Flood Hazard Areas (SFHA).

Administered by the Federal Insurance Administration, within the Federal
Emergency Management Agency, the program begins by identifying communities
which are considered to be flood-prone. The flood insurance studies are based
on a flood having a probability of a one percent chance of being equaled or
exceeded in any given year. This is often referred to as the 100-year flood

event or Base Flood Elevation (BFE) level. FIA has identified well over

lportions of this section were contributed by Carol S. Campbell,
Emergency Management Program Specialist, FEMA Region IV.
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20,000 communities which are flood-prone, 17,500 of which are participating in
the NFIP.

The program is structured in two phases, the Emergency Phase or initial
stﬁge and the Regular Phase of the program. After the initial flood-prone
identification, the next step in the process is for a locality, if it chooses,
to join the Emergency Program. For Emergency Program participation, a
locality normally has been issued a Flood Hazard Boundary Map (FHBM), which
provides the general boundaries and outline of the locality’s Special Flood
Hazard Area (SFHA). Once a Flood Hazard Boundary Map has been formally issued
to a locality, it has 12 months in which to adopt a flood damage prevention
ordinance to qualify for participation in the Emergency Phase of the program
or be placed under the sanétions of nonparticipation.

The effects of nonparticipation, as well as the benefits of the program,
generally encourage the majority of communities identified as flood-prone to
participate in the NFIP. A community’s nonparticipation will have the
following effects:

1. Flood insurance will no longer be available. No resident will be
able to purchase a flood insurance policy.

2. No Federal grants or loans for buildings may be made in identified
flood hazard areas. Includes all Federal agencies such as HUD, EPA, SBA, and
HHS.

3. No Federal disaster assistance may be provided in jdentified flood

hazard areas for permanent restorative construction and grants.

4. No Federal mortgage insurance may be provided in identified flood

hazard areas. This includes FHA, VA, Farmers Home Administration, and other

federally insured lenders.
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5. Recent legislative changes to FDPA: Restriction on conventional

loans in nonparticipating communities replaced by requirement that lenders:

a. must notify buyer or lessee that property is in flood hazard area;

and

b. must notify buyer or lessee that property in flood hazard area is not

eligible for Federal disaster relief in a declared disaster.

6. The Flood Insurance Rate Map and appropriate actuarial rates go into
effect regardless of whether or not a community participates in the program.
Lacking a local ordinance, unsafe construction today may result in
prohibitively expensive insurance rates tomorrow.

In order for floodplain property owners in a community to qualify for
insurance during the Emergency Phase the local government must agree to
regulate new development in floodplains in a way which minimizes future flood
losses. More specifically, communities are required to issue permits and
review all proposals for development in floodplains and require that such
development, using the best available information, be elevated to a point at
or above the base flood elevation.? Mobile homes must include an adequate
tie-down and anchoring system. Proposed subdivisions must be modified in any
way which will reduce future storm damages. The amount of federal flood
insurance provided during this phase of participation is less than that
eventually available under the regular program. Figure 4.1 shows the amounts

of coverage available.

2The N.C. Division of Emergency Management Model Flood Damage Prevention
Ordinance in Appendix 2 is an example of an ordinance designed to comply with
the NFIP.



FIGURE 4.1

THE NATIONAL FLOOD INSURANCE PROGRAM

EMERGENCY PROGRAM REG R
Total Amount Subsidized Actuarial Rate Total Amount
Available Rate of $100 Per $100 of Available
(First Layer) of Coverage Second Layer Coverage 1st & 2nd layer
Single Family
Residential $ 35,000 $ .45 $150, 000 Rate varies $185,000
with risk
Other
Residential 100,000 .45 150,000 Rate varies 250,000
with risk
Contents
Residential 10,000 .55 50,000 Rate varies 60,000
with risk
Small Business 100,000 .55 150,000 Rate varies 250,000
with risk
Contents
Small Business 100,000 1.10 200,000 Rate varies 300,000
with risk
Other
Nonresidential 100,000 .55 100,000 Rate varies 200,000
with risk
Contents, Other
Nonresidential 100,000 1.10 100,000 Rate varies 200,000
with risk

FEMA-NTHD-RIV
October 1983

zs
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Normally, before a locality can enter the Regular Phase, the FIA must
conduct a detailed engineering analysis with a study text and accompanying
Flood Insurance Rate Map (FIRM), which delineates the one percent chance flood
more precisely and provides detailed base flood elevation information. These
maps then become the basis for establishing insurance rates for floodplain
property owners. In riverine areas a Flood Boundary Floodway Map is also
prepared to delineate the floodway in which no encroachments that would
increase base flood level discharges are permitted.

Folleing a FEMA presentation of the preliminary maps, each community is
given a formal 90-day appeal period. At the end of the appeal period or
following the resolution of any appeals, whichever occurs later, a Notice of
Final Determination of the base flood elevations is published in the Federal
Register and issued to the community. The community then has six months from
the Notice of Final Determination in which to adopt an ordinance meeting the
more restrictive requirements to qualify for participation in the regular
phase of the program or be suspended from the NFIP.

As noted, for regulatory and insurance rating purposes, the floodplain is
divided into different hazard zones on the FIRM. Table 4.1 provides a summary
of these different classifications. Following are brief descriptions of the
major zones of interests and the more restrictive relevant building and
regulatory requirements.

(a) Al-A30 and AE Zones: The 100-year floodplain. The A-zones

represent those areas subject to the 100-year flood, or put differently, areas

with at least a one percent chance of being flooded in any given year. As

noted, for floodplain property owners to be eligible for flood insurance,
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Table 4.1
ACTUARIAL RATE ZONES

The symbols used to designate the Actuarial Rate Zones are are follows:

ZONE
SYMBOL

A

Al-A30,AE

AO

A99

V1-V30,VE

B,C, and X

CATEGORY

Area of special flood hazards in which no base flood elevations
are determined and an estimated BFE is optional.

Area of special flood hazards with base flood elevation
determined. Zones are assigned according to flood hazard
factors.

Area of special flood hazards that have shallow flood depths
(from one to three feet) due to ponding. Base flood depths are
shown on the FIRM.

Area of special flood hazards that have shallow flood depths
(from one to three feet) due to sheet flow. Base flood depths
are shown on the FIRM.

Area of special flood hazards where enough progress has been made
on a protection system, such as dikes, dams, and levees, to
consider it complete for insurance rating purposes.

Coastal high hazard area with wave action velocity waters that is
inundated by tidal floods. Base flood elevations have not yet
been determined.

Coastal high hazard area with wave action velocity waters that is
inundated by tidal floods. Zones are assigned according to flood
hazard factors. Base flood elevations are shown on the FIRM.

These areas have been identified in the community flood insurance
study as areas of moderate or minimal hazard from the principal
source of flooding in the area. However, buildings in these
actuarial rate zones could be flooded by severe, concentrated
rainfall. The inadequacies of the local drainage systems are not
normally considered in the community’s flood insurance studies.
The failure of a local drainage system creates areas of high
flood risk within these rate zones. These rate zones indicate
flood areas where insurance is not required but can be purchased
in a participating community.

Area of undetermined, but possible, flood hazards.
Area of special mudslide hazards.
Area of moderate mudslide hazards.

Area of undetermined, but possible, mudslide hazards.
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their localities must first meet certain basic construction and land use
regulatory requirements.

For Al-A30 and AE zones, construction of new residential structures must
have the lowest floor, including basement, elevated to a level at or above the
BFE (elevation of the 100-year flood). New commercial structures must be
either elevated or adequately flood-proofed to the BFE, with floodproofing
certification by a registered professional engineer.3 "As-built" lowest floor
certifications must be obtained by the developer or builder and monitored by
local enforcement officials. The lowest floor certifications may be completed
only by a registered surveyor, architect, or engineer. Flood resistant
building materials are to be used, structures are to be adequately anchored to
prevent flotation or lateral movement, and construction practices should
minimize the flood hazard. Also, sewer and water systems must be designed to
prevent infiltration and contamination during flooding. New mobile homes must
contain an adequate tie-down and anchoring system.

These requirements also extend to substantial improvements of existing
structures. Substantial improvements are defined by FIA as including repairs,
reconstruction, or improvements which amount to 50 percent or more of the
current fair market value of the structure prior to the repairs,

reconstruction, or improvements taking place.

(b) Coastal high hazard areas -- velocity or V, V1-V30 and VE-zones.

These are areas where the stillwater storm surge is sufficient to support a

minimum three-foot wave and consequently have special higher insurance rates

3Federal Insurance Administration, Elevated Resjdential Structures,

Washington, DC: Housing and Urban Development, 1976; American Institute of
Architects, Design Guidelines for Flood Damage Reduction, Washington, DC: AIA,
1981.
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attached to them.% Initially, the elevation requirements in these zones were
based only on still water surge heights. Since about 1979, FIA has been
calculating an additional wave height, which is added to the still water
elevation in these zones.

Special building standards are required for construction in velocity
zones. New residential and nonresidential structures including mobile homes
must be elevated on pilings or columns so that the bottom of the lowest
supporting horizontal structural member is at or above base flood elevation
(BFE). "As-built" elevation certificates are required. The use of fill for
structural support is prohibited. Areas below the lowest habitable floor must
be free of obstructions or enclosed with breakaway walls. An engineering
certification that the structure is designed to be adequately anchored is
required. New construction must not alter existing dunes or mangrove stands

and must be built landward of mean high tide.

(¢) Floodways.

The floodway zone pertains mainly to inland riverine flooding situations,
but does have implications for riverine floodplains near the coast which could
be affected by hurricanes and coastal storms. The floodways represent the
main riverine channel and the land area adjacent to it where the water flow
will be extensive. For designated floodway areas, localities must not permit
activities and uses, such as the placement of fill or new construction, which
will obstruct water flow such that the base flood elevation would be increased

by any amount. Prior to any development in the floodway, the builder or

b4y.s. Army Corps of Engineers, Guidelines for Identifying Coastal High

Hazard Zones, Galveston, TX: Galveston District, June 1975,
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developer must present an engineering certification that no increase in flood
levels will occur.
NFIP maps, in sum, can provide the basis for identifying the range and

magnitude of inland and coastal flooding risks.
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2. SLOSH: Modeling Coastal Storm Forces Through Computer Simulation
um e Penetration Estimates

In recent years more sophisticated computer models have been developed to
estimate the predicted wind and surge effects of potential hurricanes. Two
models have been developed by the National Weather Service for this purpose:
SPLASH (Special Program to List the Amplitudes of Surge from Hurricanes) and
SLOSH (Sea, Lake and Overland Surge from Hurricanes). SPLASH can be used for
predicting hurricane forces along relatively unbroken coastlines, where no
significant bays or sound areas exist. SLOSH is a refinement of SPLASH and is
able to take into consideration the effects of bays and sounds and
irregularities in coastlines.5 SLOSH has essentially replaced SPLASH. These
computer simulations differ fundamentally from the models used to delineate
flood hazard zones under the NFIP in that they are non-probabilistic and do
not assume, as the NFIP zones do, a specified return frequency based on
historical data (i.e., the 100-year flood zone) .

Applying the SLOSH Model to a coastline occurs in several steps. First,
the model must be "fitted" to the coastline under study, which means that it
must be fine tuned to take into consideration the numerous specific natural
and manmade features of the coastline which have some effect on surge
penetration. This is undertaken through inputting of data onto geographical
grid points. Next the model is "run" for the study area. This usually
{involves conducting an average of 250 simulations based on different hurricane
scenarios (e.g., different hurricane tracks, forward speeds, size, and

{ntensities). The output from these runs is the following:

5Karen Allenstein, Land Use Applications of the SLOSH Model (Sea, Lake .
and Overland Surges from Hurricanes, Chapel Hill, NC: University of North
Carolina, Department of City and Regional Planning, 1985.
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1) surface envelope of the highest surges above mean sea level;

2) time histories of surges at selected grid points;

3) computed windspeeds at selected grid points;

4) computed wind directions at selected grid points.

While the SLOSH model has traditionally been used primarily as a
Preparedness and evacuation tool, its potential utility as a foundation for
development management is great.

From the perspective of development management, perhaps the most useful
output are the maps indicating areas of maximum surge penetration under
different hurricane intensity assumptions. Figure 4.2 presents such a maximum
surge map for the New Hanover County area. Notice that according to the SLOSH
simulation, most of the barrier island and beach communities would be
inundated under the assumption of a relatively small hurricane (category 2).
Thus, the SLOSH methodology can generate inundation maps which permit the
identification and designation of areas particularly vulnerable to hurricane
forces under different assumptions about the expected hurricane event.

In a sense these different hurricane intensity assumptions provide
different break-off points for establishing acceptable or unacceptable levels
of risk. A coastal jurisdiction might conclude, for instance, that it does
not wish to plan for the worst possible event--the category 5 hurricane. This
type of decision then dismisses as unnecessary the consideration of zones
inundated under this level of intensity but not under smaller, less intense
hurricane events. A locality might, as a further example, establish that it
will take mitigative actions only in those areas where the cumulative forces
appear greatest--e.g., those zones where the surge effects would occur even
under the weakest hurricane, and where surge impacts are likely to increase

exponentially in the case of stronger hurricanes.
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Figure 4.2

POTENTIAL HURRICANE FLOODING
in New Hanover County

% Legend

\‘\\
", Areas flooded by scales 1,2,3,4 and §

“"" flooded by scales 3,4 and 5

Source:New Hanover County _ . Additional areas flooded by scales 4 and 5

Sattlr ~-simpson hurricane
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Because SLOSH modeling does not incorporate past flooding or storm
histories it provides no information about how frequently each type of
hurricane can be expected. Instead, its task is to estimate the likely
physical forces that would be generated, if such a hurricane occurs in the
future. Rather detailed climatologies are available from the National Weather
Service which provide information about the frequency of hurricane and
tropical storm occurrences for relatively small segments of the Gulf and
Atlantic coasts. Figure 4.3 provides this information in probability terms
for the North Carolina coast.® It should be remembered that accurate data on
hurricane frequencies is only available for approximately one hundred years.
This is a relatively short period of time from which to make assumptions about

their future occurrence.

6Simon Baker, Storms., People, and Property in Coastal North Carolina,
Raleigh, NC: North Carolina State University, UNC Sea Grant, August 1978.
For the most recent complete climatology, the reader is referred to R. H.

Simpson and Miles B. Lawrence, Atlantic Hurricane Frequencies Along the U.S.
Coastline, (June 1971).
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Figure 4.3

ANNUAL PROBABILITY
OF HURRICANE OCCURRENCE
+ALONG THE NORTH CAROLINA COAST

WASHINGTON o

NEW BERNe

TC-All tropical cyclones (40 MPH or higher )
H-All hurricanes (74 MPH or higher )

GH Great hurricanes (125 MPH or higher }

Source:Baker 1978
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3. Coastal Erosion

In 1971, the Corps of Engineers National Shoreline Study indicated that
more than 20,000 miles of our nation’s shorelines are experiencing significant
erosion.’ Coastal erosion is caused by a number of factors: changes in
patterns of littoral drift, waves and surge effects of hurricanes and coastal
storms, the location of man made structures in sensitive coastal areas, and
the general rise in sea level.® Obviously, erosion represents an important
component of the hurricane coastal storm risk--erosion is both caused by
storms, and once it occurs (regardless of its course), also heightens the
vulnerability of people and property to future storms. Consequently, efforts
to document coastal erosion patterns are seen increasingly as a necessary part
of coastal natural hazards planning.

Coastal states and localities are increasingly making efforts to
scientifically calculate the extent of erosion (or accretion) for specific
segments of the coastline. The State of North Carolina has been a leader in
this area, and has established, for regulatory purposes, the annual rate of
erosion for its entire coastline. This established rate is then used as the
basis of an ocean hazard zone setback. For instance, new multifamily
structures located in these areas, must be set back from the ocean a distance

of 60 times the average annual rate of erosion.?

7John H. Sorensen,et al, Coast o ard in the United ates;
Research Assessment, Boulder, CO: Institute of Behavioral Sciences, University
of Colorado, June 1975; U.S. Army Corps of Engineers, Guidelines for

Identifying Coastal High Hazard Zones, Galveston, TX: Galveston District, June
1975.

8Michae1 Barth and Jones G. Titus, Greenhouse Effect and Sea Level Rise:
e for s Generation, New York: Van Nostrand Reinhold, Inc., 1984.
David Brower and Daniel S. Carol, Coastal Zone Management as Land
Planning, Washington, DC: National Planning Association, 1984.
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4. Inlet hazard areas

Tidal inlets are natural waterways which separate barrier islands and
serve to connect the ocean and back barrier lagoons.lo They are the major
route by which sand is transported from beach areas to back barrier areas.
Inlets can shift dramatically over time, in turn wreaking destruction on homes
and structures built too closely to them. Figure 4.4 shows the changes
undergone by the Lockwood Folly Inlet (N.C.) since 1956 (the base photograph
was taken in 1974).11 This type of "active" inlet hazard area can be
distinguished from "incipient” inlet hazard areas. The latter represent the
location of potential or probable inlets, should a hurricane or severe coastal
storm occur. Both types represent significant coastal hazard areas.

The State of North Carolina has perhaps the most extensive program for
documenting the movements of existing inlets, delineating inlet hazard areas
as part of its coastal area management program, and instituting special
development restrictions in these areas. To compute inlet movement, a grid
system (300-feet spacing) was established, and historical trend data plotted
on it. Linear and quadratic regression techniques were used to calculate the
best fit trend of inlet location. The inlet hazard area was delineated by
using the landward most point expected to occur over a ten year period (1978-

1988).12

1oStephen Leatherman, Barrier Island Handbook, College Park, MD:
University of Maryland, 1982.

Simon Baker, ! i ,
Raleigh, NC: University of North Carolina Sea Grant, March 1977; Jay
Langfelder, et al, A Historical Review of Some of North Carolina’'s Coastal
Inlets, Raleigh, NC: Center for Marine and Coastal Studies, North Carolina
State gniversity, January 1974,

1250rth Carolina Division of Marine Fisheries, Inlet Hazard Areas, Final
Report and Recommendations to the Coastal Resources Commission, September
1978.
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Under the N.C. Coastal Area Management Act (CAMA), inlet hazard areas
must be delineated on maps and approved by the Coastal Resources Commission.
Moreover, state-imposed restrictions limit the potential development density
that is permitted to occur in these areas. Permanent structures are not
permitted at a density greater than one unit (residential or commercial) per
15,000 square feet, and structures cannot exceed four units in the case of
residential structures, or 5,000 square feet total flood area in the case of
commercial buildings.

Incipient inlets--that is, areas where future inlets are likely to form
in response to storms--are also identifiable and should be incorporated into
the risk analysis. A number of factors, such as island width, erosion rate,
and elevation will influence the likelihood of an inlet formation and can be
used to delineate incipient inlet zones .13 Perhaps the most important source
of data to be used in this process is historical records of present inlets.
While an inlet may currently be closed, it should be considered a prime
candidate for reopening should a severe storm strike. The recently popular
practice of excavating finger canals perpendicular to the ocean on barrier
islands can serve to increase substantially the possibility of a future inlet,
and these areas should also be identified as hazardous zones. The mapping of
incipient inlet areas is necessarily imprecise. Figure 4.5 presents an
example of how the Town of Nags Head (1984) has delineated two incipient inlet

areas in its hurricane mitigation and reconstruction plan.

13145a Lynch, Potent et Zones on the North Carolina Coast, Durham,
NC: Duke University, School of Forestry and Environmental Science, December
1983.
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Figure 4 . 4

CHANGES IN LOCKWOOD FOLLY INLET

Legend

1966
1956

Source:Langfelder 1974
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Figure 4.5

HURRICANE VULNERABILITY

ROANOKE SOUND

TOWN OF NAGS HEAD . . .
e A
e —-——-——.,-
‘_}_, e L

ATLANTIC OCEAN

Legend
——— 300 ft.line

A NFIP flood zones

Source:Town of Nags Head Incipient inlet site
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5. Producing composite hazard maps

To the extent possible, localities may wish to present these various
hazard zones in an overlay fashion. Such a composite map or maps permit
policymakers to view the cumulative effects of different elements of the
hurricane and coastal storm hazard, and to identify particularly hazardous
locations. Figures 4.6 and 4.7 illustrate how one locality--Surf City, North
Carolina--has attempted to present coastal storm hazards in a composite

format.

B. ssessing Vu a t osure

The physical forces of hurricanes and severe coastal storms would not
pose a problem or concern if they did not threaten to destroy something of
value to coastal inhabitants. Because high hazard coastal zones contain
people and property, risks from hurricanes and storms do exist. The extent of
this risk will naturally vary with the extent of exposure of people and
property. In this section we will briefly address approaches to assessing the

extent of a community’s exposure.

1. Exposure of public and private property

An assessment of the public and private property at risk can be
gndertaken for each of the hazard areas delineated in the hazard mapping

process. For instance, Table 4.2 below provides summary information on the
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Figure 4.6

OCEAN ERODIBLE A.E.C.
AND ESTUARINE SHORELINE A.E.C.

TOWN OF SURF CITY

ATLANTIC OCEAN

Legend

. Ocean erodible A.E.C.

Eotuarlno shoreline A.E.C.
Source:Town of Surf City
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Biguwre 4.7

NFIP FLOOD HAZARD ZONES

TOWN OF SURF CITY

PR . .
.......

ATLANTIC OCEAN

Legend
D B Zone:Areas between 100 and 500 year fioods

V Zone:Areas of 100 year fiood with Ngh velocity
wave action

SOURCE:Town of Surf Cit .
Y A Zone Areas subject to 100 year fiood
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Table 4-2
vate e t k ood
a a, Town o c
Number of Number of
Buildings Value ($) Parcels Value ($) Total Value
V-zone 544 26,951,000 722 25,321,100 52,272,100
A-zone 1,126 60,835,300 1,968 47,230,100 100,073,400
B-zone 563 33,194,500 674 29,929,800 63,124,300
C-zone 329 18,740,000 640 15,286,000 34,026,000

Source: Brower, Collins, and Beatley, 1984

amount of private property at risk in the Town of Nags Head, North Carolina,
according to NFIP zone . 1%
Some 544 structures, valued at over $25 million, are located within the
V-zone, for example. This information can generally be obtained from local
taxation and revenues departments. The U.S. Army Corps of Engineers may be an
additional source of information on extent of property at risk. A 1982 survey
of Surf City buildings, for instance, indicated that some $5.5 million in
damages to residential structures could be expected under a 100-year storm, as
well as some $1.7 million in commercial damages.15
Public facilities, such as roads and sewer lines, are also at risk and

should be included in a community’s wvulnerability assessment. Facilities

should at least be identified, if not estimated and valued in the same way

1“Dav:ld Brower, William Collins, and Timothy Beatley, Hurricane Hazard
Mitigation and Post-Storm Reconstruction Plan, Nags Head, North Carolina,
Chapel Hill, NC: Coastal Resources Collaborative, Ltd., 1984.
1STown of Surf City, North Carolina, Hurricane Evacuation, Hazard
itigation t- aster Reconstructjon Plan, prepared by George Eichler
and Associates, 1984.
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that structures at risk are. Tables 4.3 and 4.4 indicate, for instance, the
exter.t of roads and sewer mains at risk in the Town of Nags Head. Included
also should be an inventory of publicly-owned structures located in different

hazard zones.

Table 4.3
Public Investment Vulnerable to Storm Damage
eet
Size of Main
one 26" 14" 12" 8" 6" 4" 2"
\Y 0 0 0 0 6850 1650 6500
A 33070 230 26200 32110 57880 5440
B 0 0 8350 250 0 0 200
300 0 0 0 0 2300 250 1330

Source: Brower, Collins, and Beatley, 1984.

After collecting this type of informationm, and placing a monetary value
on the property, different assumptions about expected losses can be used. A
worse case scenario might be assumed, in which all value of property in a
flood or hazard zone is lost. A more reasonable, yet somewhat more
sophisticated, approach is to apply some form of damage algorithm, which
probably changes with the severity of the hazard zone, and the type of

property involved.
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Table 4.4
Bublic Streets in Flood Zones, Nags Head, N.C.
Zone Street Length (feet)
v 10500
A 134300
B 3100

Source: Brower, Collins, and Beatley, 1984.

Figures 4.8 and 4.9 provide useful guides for making such calculations.16
Figure 4.8 indicates that a two-story structure with a basement can be
expected to incur an average around 50% damage when subjected to a 10-foot
surge (height above first floor). Figure 4.9, as a further example, indicates
that a metal one-to-three story commercial/industrial structure will be about
30% damaged when subjected to wind speeds of 150 mph. From this type of
information, more accurate estimates of actual predicted damages can be made.
Table 4.5 presents some basic calculations which illustrate how predicted
losses can be adjusted under such assumptions. Assume that in this particular
sector, only two types of damage components exist: residential structures
subject to surge damages and commercial structures outside of the flood zone

but subject to storm winds.

16From William Petak & Arthur Atkisson, Nat Hazard Risk Assessment

and Publjc Policy, N.Y.: Springer-Verlag, 1982.
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Figure 4.8

STORM SURGE DEPTH VERSUS DAMAGE
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Source:Lee et al.1978,as found in Petak and Atkisson 1982
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Figure 4.9

DAMAGE VERSUS WIND SPEED
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Table 4-5
on o a culations
Assessed Damage Predicted
Valuation  Coefficient _ Loss
Residential Property $1,000,000 5% $ 500,000
Commercial/Industrial
Property $2,000,000 L 3%k 600,000
Total Predicted Damages $1,100,000

*assuming two story structures, no basement, and a surge of
10 ft. above first floor.

**assuming 150 mph winds, metal structures

These estimates should also consider any other local or site-specific
information that may be available concerning the vulnerability of private and
public property. For instance, how old are the structures located in the area
under study, and how will this adjust the probable extent of damages? Of what
quality of construction are buildings in the area--either new or old--and how
should the damage coefficients be adjusted to take these factors into
consideration?

The SLOSH simulation can also be used to estimate probable damage losses.
Berke and Ruch illustrate the only such SLOSH application to date.l”7  The
entering of data on people and property in grid cell format is a central
feature of this system. The size.of the grid cells used is variable depending

upon the level of geographical detail needed. Once basic information about

17Philip Berke and Carlton Ruch, "Application of a Computer System for
Hurricane Emergency Response and Land Use Planning,” 21 Journal of

Environmental Management 117 (1985).
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the location of people and property and the expected location and intensity of
storm forces has been entered, high and low damage and casualty estimates can
be generated for a particular location or region. A number of methodological
components, some of them discussed above, enter into these calculations.
Damage algorithmsla for different types of structures subjected to storm
forces are incorporated, with damage estimates adjusted for elevation
requirements at particular locations.

Not only can current potential damages and casualties be estimated, but
future losses can also be devised by entering information about future
patterns of development and economic growth. Berke and Ruch use a land
development allocation model which estimates future economic growth or decline
for a region and allocates this growth among specific census tracts according
to how attractive they are to such activities. A number of factors such as
access to transportation facilities and quality of the natural environment
serve as inputs to this allocation model. Table 4.6 presents current and
future hurricane losses for Nueces County, Texas, and several districts within
this county. Note that these are damages and casualties that would be |

generated for a Category 5 hurricane, with a certain landfall range.

181, T. Lee and J.D. Collins, "Engineering Risk Management for
Structures," Journal of the Structural Division, 1977; William Petak and

Arthur Atkisson, Natural Hazard Risk Assessment and Public Policy, New York:
Springer-Verlag, 1982.
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For: Storms Tandfalling 20 miles right of Port Arensas to 2) miles Teft of Port Aransas with sistained wind of 155 MW, ad owr

Oompos ite Surge and Wind Oordition Estimstes by County and Zone

RESTDENTIAL h WON-FESIDBTIAL QNATIES
Sihgle Fawlily Mbile Homes Miltiple Fanlly Commrc falerdustrial Pasore Injured
Wpber Nurber Nber Nurber Deaths approx.
m Yalue ($1000) Demnged Yalue ($1000) Demeged Yalue ($1000) Daveed Wl ($1000) 3.2 of total
e Mo lw WP lw WPl Woh v M Ll Wb L Moh L M low  Migh Lo
M _ .
(1985) 19,05 14,788 S1I18 $2093 100 72 $189 3981 4890 4,08 $4,364 $3002 1,557 100 $S2050 %M1 M 16
(190) 2,79 N0 $%,327 $2429 1,309 98 12,317 81,20 5,787 4582 $4,798 3,24 1,476 1090 32,606 &6 I 1
w
(M) 192 1n $1.735 3954 1 1 $10 $5 186 173 472 26 5 ) ] 5 $104 00
(1990) 22 . ] $2,612 81,67 2 2 32 $11 .. . 4 R Uy X B Q6 1m 1 0
L ¢}
(1985) 1310 1,05 $X560 $18.798 B4 24 312 32771 1,188 1,19 $5.543 $2.297 16 M3 $1148 8% 11 S
(1990) 1,954 1953 866 $T 20 6 PB6 $45653 $3.37 1,76 1,716 $8,313 $4.417 1 197 31259 7,94 17 8
M
{1985) 1,19 675 M1 137 125 1@ $148 $78 ez 1 .1} s ” &% 251 %4 2 1
(1990) 1.7 m $915 $465 M 1z $193  $102 1B 120 t ¥/4 $14 0 Q $26 %65 21
NECES (0. ,
(1985) 2AA17 16945 $65503 $41,052 1,99 1,096 $5.702 $3, 35 6,431 5475 $10,309 $6.226 1588 1250 $H.2 13O & 2
(19%0) 26,311 20,053 $8B,519 $54,061 1081 1464 $8,083 4470 8,06 6,680 S$13.865 #8002 1700 1,353 $%BJ0¢ s A2 S 2
Source: Berke and Ruch (1985)
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2. [Exposure of People

(a) SLOSH-based evacuatjon studies. As noted earlier, SLOSH is basically
used as an input to evacuation planning. Consequently, it is only one of the
necessary ingredients. A first step in SLOSH-based evacuation planning is to
delineate evacuation zones, based upon SLOSH-generated surge penetration data.
In the ongoing North Carolina Hurricane Evacuation study, zones in each
coastal county were designated for areas where storm surge would penetrate
under various hurricane categories.19 The idea here is that providing such a
delineation will permit those areas most vulnerable to storm forces to
evacuate first. Figure 4.10 indicates the evacuation zones for Carteret
County, with the smaller numbers representing the most wvulnerable aréas.

For emergency management officials to know how much time they have before
they must issue evacuation notices and to pinpoint particular evacuation
trouble spots, evacuation times must be calculated for each of these
designated evacuation and contingency zones. Such a calculation requires a
range of assumptions about how local residents will behave under emergency
conditions. The North Carolina study feeds this information into a traffic
computer model (traffic assignment algorithm), which selects appropriate
evacuation routeé and tabulates the number of vehicles using particular parts
of the evacuation roadway. Assuming that all people in affected zones must be
evacuated, the model calculates a range of "clearance times" based on

different sensitivity parameters. Clearance times include the time required

19Transportation Analysis Chapter, North Carolina Hurricane Evacuation
Study Technical Data Report, prepared for COE by Post, Buckley, Schuh &
Jernigan, Inc., December 1986,
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by evacuees to secure their homes and prepare to leave, the time spent
traveling, and the time spent waiting along the road network due to traffic
congestion. As shown in Table 4.7, clearance times in Carteret County range
from 5 1/2 to 12 1/2 hours, depending on hurricane scenario, speed of
response, level of seasonal occupancy, and critical roadway segment used.
Local officials must take clearance times into account in deciding when to
issue evacuation orders, so that coastal residents can be evacuated safely
before roadways are inundated and gale force winds rise.

SLOSH-generated evacuation plans could also be used to test the marginal
effects of proposed future land uses or patterns of development. For
instance, what loss in evacuation capacity (increase in required evacuation
time) will result from an increase of 1,000 new dwelling units in a particular
location, assuming no improvements in the road system? From SLOSH-modeled
assessments, local officials can then establish whether the resulting levels
of risk are acceptable or not, and if not, what types of mitigative action are
warranted. For instance, if a locality decides that any evacuation time over
12 hours is an unacceptable risk, the SLOSH-based evacuation model can then
provide information about at what threshold and pattern of future growth this
unacceptable level will be approached.

Because development management measures can be used to ensure that a
locality has sufficient evacuation capacit&, time histories of surgé and
wind forces at particular evacuation points also provide hazard analysis
information with development management implications. A Houston/Galveston
SLOSH study developed a model which yields critical information about
potential storm hazards at key evacuation points (for example, Galveston

Causeway), as a hurricane moves landward over time under particular



82

assumptions.zo This model predicts that a slow moving category 4 hurricane,
moving in a 320-degree direction, with a landfall 20 miles west of Galveston,
would flood the causeway some seven hours before the storm hits land. Under
high tide conditions this {nundation would occur 8.5 hours before landfall.
Moreover, wind gusts would exceed 65 mph--wind conditions in which vehicle
operation_is dangerous--13.5 hours before landfall.

This type of information is used by evacuation officials to determine
when evacuation notices must be issued. If we assume a situation vhere it
takes 17 hours to evacuate Galveston Island (as determined by the model) and
13.5 hours before winds on the causeway prevent safe vehicle movement (65’mph
gusts), a decision to evacuate must be made more than 30 hours prior to
hurricane landfall. Further development on the island can substantially
increase the evacuation time, which in turn increases the time before landf;ll
that an evacuation notice must be issued, and thus the chance that sufficient
time for evacuation will not be available. Usually 16-24 hours of warning
time are provided by the National Hurricane Center, but sometimes this is as
little as ten hours in the case of étorms forming close to land. If a
locality established that it was geing to make a decision to evacuate mno
earlier than this 24-hour pre-landfall warning and planned to coﬁtrol
development accordingly, these time history data points would play a‘crucial
role. If this locality had a causeway like Galveston's (i.e., 65 mph gusts
13.5 hours before landfall under above circumstances), it would have to
restrict the extent of development such that its residents could be evacuafed

in 10.5 hours or less.

20cgriton Ruch, Hu t o) azoria, Galve
Harris, Fort Bend, and Chambers Counties, College Station, TX: Texas A&M
University, Sea Grant College Program, June 1981.




TABLE _ 4-7
CLEARANCE TIMES (IN HOURS)

Eastern North Carolina Hurricane Evacuation Study - Transportation Analysis

Carteret County

Low Seasonal Medium Seasonal High Seasonal
Qccupancy QOccupancy Occupancy
Category 1-2 Hurricane
Rapid Response S Bu %l 7% g8 Junl9 9 Jun/9Y%
Medium Response 6 %/6 %/ 8 Y% 9 %16 %/ 9 % 10 /6 %/10
Slow Response 9 %9 % 9% 11 /9 %/10% 11 %/9 %/11
Catepory 3 Hurricane
Rapid Response 7 %4 % 3% 8 %/4 %/ 9% 9 J4X/10 %
Medium Response 8 %/6 % 9% 9 %16 %/10 % 10 /6 %/10%
Slow Response 10 %/9 %/10 % 11 /9 %/11% 11 /9 %/12
Catepory 4-5 Response
Rapid Response 7 %lu %l 9% 8 %/4 %/10 % 9 J4%/1]
Medium Response 8 %/6 %/10 9 %6 %/11 10 /6 %/11 %
Slow Response 10 %/9 %/11 11 /9 %12 11 %9 %/12 %

£8

L—- U.S. 70 at Havelock critical roadway segment.

Atlantic Beach Bridge - 2 lanes from beach.
Atlantic Beach Bridge - 1 lane from beach.
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(b) Simple (non SLOSH-based) approaches to estimating evacuation
capacity. In recent years, simple methodologies have been developed for

estimating hurricane evacuation capacity.21 In areas where SLOSH has not yet
been applied, or is not yet operational, these methodological approaches will
be more appropriate. This section briefly describes this simpler methodology
aﬁd applies it to one particular North Carolina barrier island area.

An analysis of evacuation capacity was conducted for Hatteras Island,
North Carolina, as part of a larger carrying capacity study.22 Hatteras is
located in Dare County, and currently contains apptoximately 2,600 dwelling
units. The effects of several different build-out scenarios were tested.

In this particular locale, evacuation capacity is essentially a function
of Route 12 (main highway) and the Oregon Inlet bridge. A first task was to
determine the capacity of this transportation system under ideal conditions.
This system was estimated to be capable of handling 2,000 vehicles per hour . 23
This figure was then adjusted to consider lane and shoulder widths, the
presence of vacation vehicles on the road, storm conditions, possible

obstructions, and the use of emergency vehicles.?* This yields a maximum

hourly capacity of 1,795 vehicles (see Table 4-8). The time available for

21l30hn R. Stone, Hurricane Evacuation ann : timating Evacuation
Times for Non-Metropolitan Coastal Communjties, Raleigh, NC: University of
North Carolina Sea Grant College Program, Working Paper 83-2, April 1983.

22Department of City and Regional Planning, A Carrying Capacity Study of

s , 1984; and s

Study, Chapel Hill, NC: University of North Carolina, June 1983.

23Highway Research Board, Highway Capacity Manual, Washington, DC:
National Academy of Sciences, National Research Council, 1965.

See Stone, Hurricane Evacuation Planning: Estimating Evacuation Times
for Non-Metropolitan Coastal Communitjes, Raleigh, NC: University of North
Carolina Sea Grant College Program, Working Paper 83-2. April 1983; Rogers,
Golden, and Halpern, Hurricane Evacuation and Hazard Mitigation Study for
Sanibel, Florida, November 1981.
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Table 4.8

Calculation of Existing Evacuation Capacity of Hatteras Island, N.C.
a. ((2,000 veh/land/hr) + (2,000 veh/land/hr x 0.9 emergency vehicle

factor)) : ,

x (0.9 land width/lateral clearance)

x (0.95 RV and boat trailers) x (0.65 storm factor)

x (0.85 obstruction factor) = 1,795 vehicles/hour
b. The evacuation period was calculated:

(12 hours warning) - (4 hours hazard cutoff time) - (3 hours
mobilization time) = 5 hours )

c. Total evacuation capacity is:

(1,795 vehicles/hour) x (5 hours) + 8,975 vehicles

‘Source: Department of City and Regional Planning, supra n.23, 1984

Table 4.9
a on of Evacuatjon Demand for stj e
Hatteras Island, North Carolina
2,648 Existing DUs x 1.25 Vehicles/DU - 3,310 vehicles
522 Existing motel units x 1 vehicle/unit = 522 vehicles
37376 Total DUs - 57535 total vehicles

3,832 total vehicles x 0.8 (since an estimated 20% leave prior
to the evacuation order) = 3,066 vehicles to be evacuated

Source: Department of City and Regional Planning, supra n.23, 1984
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evacuation is calculated to be five hours, assuming 12 hours of warning and
subtracting from that a four hour hazards cutoff time (beyond which evacuation
is not possible) and three hours mobilization time (i.e., time required for
varning, preparation of residents, and for establishing an evacuation system).
Multiplying these five available hours by 1,795 indicates that only 8,975
vehicles can be safely evacuated.

Table 4.9 indicates how evacuation demand is estimated. It is assumed
that for each dwelling unit 1.25 vehicles will be evacuating, and 1.0 vehicles
for each motel unit. It is also assumed that 20% of the evacuating population
will leave before the evacuation order is issued. Under existing development
conditions (1984), this indicates that an excess evécuation capacity of‘6,179
vehicles, of 3.3 evacuation hours, currently exists.

Tables 4.10 and 4.11 calculate evacuation demand and capacity shortfalls
under three different future development scenarios. Under the worst case--
Scenario III--total evacuation demand would reach almost 43,000 vehicles,
yielding almost a 19 hour shortfall between available evacuation time and the
time actually needed to evacuate these vehicles. These estimates provide a
quantitative measure of the relative evacuation risks that the locality will

face if it permits certain future levels of development to occur.
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Table 4.10
vacua emand ture A4 t
Scenario Grand Totals
Current
Situation 1 11 111
Total DUs 3,170 . 18,238 20,512 44,380
x 1.21 Vehicles per DU 3,832 22,068 24,820 53,700
X .8 remaining after
evacuation order is given = .8 .8 .8 .8
Demand in Vehicles 3,066 17,654 19,856 42,960

Source: Department of City and Regional Planning, supra n.23, 1984

Table 4.11
v, 0 c e v nt
Scenarios
Current
Situation 1 11 111
Total Evacuation Capacity
(Vehicles) 8,975 8,975 8,975 8,975
Total Evacuation Demand
(Vehicles) 3,066 17,654 19,856 42,960
Excess Capacity (+) or Demand
(-) (in Vehicles) +6,179 -8,679 -10,881 -33,985
Evacuation Period Needed -
(Hours) 1.7 9.8 11.1 23.9
Total Evacuation Time Needed
(Hours) (Evacuation Period +
3 hrs. mobilization + 4 hrs.
to inundation) 8.7 16.8 18.1 30.9
Excess (+) or Shortfall (-)
in Hours +3.3 -4.8 -6.1 -18.9

Source: Department of City and Regional Planning, supra n.23, 1984
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C. Conclusion

The damage a community suffers from hurricanes and other coastal hazards
has two necessary components--the natural forces of wind and wave action, and
the exposure of people and property. Local governments must understand both
elements in order to implement an appropriate mitigation plan, and this
chapter has presented a number of readily available methods for calculating
hazard magnitude, location, and exposure.

To determine the location of particularly hazardous areas, planners can
start with the Flood Insurance Rate Maps of the National Flood Insurance
Program. The FIRMs, based on historical data and probabilities, show
elevations and delineate zones of wave actions and flooding. A more
sophisticated tool is the computerized SLOSH simulations of potential
hurricane paths, which can be used to create a map of inundated areas. For
the non-hurricane threats of coastal erosion and inlet hazards, communities
can turn to the state CAMA program for erosion setback lines and inlet
formation maps. Cumulating all three sources, local planners can then compose
a composite hazards map.

The second component, exposure, represents the independent yariable in
the hazard equation. Unlike the natural forces themselves, local governments
can influence the location and concentration of people and property through
growth management and other policies. To determine the extent of property at
risk, planners can use tax maps and other data to locate and value public gnd
private property, and then can apply damage algorithms to calculate the amount
of potential damage.

To understand the exposure of people to coastal hazards, planners must
use a different approach, focusing on evacuation. Evacuation demand,

evacuation routes, route capacity, warning times, and traffic bottlenecks are



89

among the factors to be considered. SLOSH simulations under the North
Carolina Hurricane Evacuation Study are being developed for all coastal
counties, and will enable localities to establish "clearance times"” for
hurricane evacuation. If SLOSH data is unavailable or inapplicable, local
governments can apply simple manual methods to calculate evacuarion demand and
capacities. Once a community has prepared a thorough hazard analysis and
mapping, it can specify its mitigation policy in terms of specific areas and
development objectives. Next, the locality can begin to implement its

objectives through the tools and techniques of Chapter 5.



As discussed in the Introduction, growth management programs are designed
to affect the location, density, timing, and/or type of development in a
community. The tools and techniques of growth management are well adapted to
implement a strategy of coastal storm hazard mitigation, but should not be
applied in an arbitrary, cookbook fashion. Individual ordinances or devices
will accomplish little unless enacted in the context of an overall policy or
plan, such as the hazard mitigation plan required by CAMA regulations. With a
plan, local governments can select an appropriate mix of growth management
tools to achieve a variety of related objectives. Many of the devices |
discussed here can be used to complement each other or to achieve non-hazard-
related community goals.

Ideally, coastal localities should seek to find that package of growth
management programs and policies particularly suited to their political,
social, and economic conditions, and which implement the policies embodied in
their land use plans. This chapter will discuss specific development
management techniques, indicating the range and diversity of different tools
and approaches available.l Categories of techniques include development
regulation, land acquisition, taxation and fiscal incentives, capital
facilities policies, and programs for information dissemination. Table 5.1
displays each technique and summarizes the ones which have been employed and

which are legally feasible in North Carolina.

lthis chapter builds on Beatley, Dev me a ment to Re

Storm Hazards: Policies and Processes, Chapel Hill, NC: UNC Center for Urban
and Regional Studies, 1985.
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Table 5.1

Applicability of Growth Management
Tools and Techniques in North Carolina

Iool or Used in Authorized
Jechnigue NC undex NC law
Zoning Yes Yes
Open Space/Agricultural No Unlikely
Downzoning/Density Reduction Yes Yes
Minimum Lot Sizes Yes Yes
Floating Zones Yes Yes
Nonconforming Uses Yes Yes
Coastal Setback " Yes Yes
Special Use Permits Yes Yes
Bonus/Incentive Zoning No : Uncertain
Performance Zoning No Probably
Population Caps No Uncertain
Interim/Temporary Moratoria Yes ) Probably
Mobile Home Restrictions Yes ) Yes
Subdivision Regulation Yes Yes
Clustering Yes Yes
Exactions/Development Conditions Yes Yes
PUDs Yes . Yes
Land/Property Acquisition
Fee Simple Acquisition Yes Yes
Advance Acquisition No Probably
Official Mapping No Probably
Right of 1st Refusal No _ Unlikely
Funding Aid Yes Yes
PDR/Donation of Easements Yes : Yes
Transferable Development Rights No Uncertain

Taxation/Fiscal Incentives

Differential Taxation Yes, for farmland preservation
Special Assessments No Yes
Impact Fees Yes Needs Special Legislation
Capital Facilities/Infrastructure :
Utility Extension Policy Yes ' Probably
Capital Improvements Plan Yes Yes
Post-Storm Relocation No Yes

Information Dissemination
Real Estate Disclosure No May Need State Legislation
Community Awareness Programs No Yes
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1. Development Regulation

The primary development management tools are those which directly
regulate and control the location, amount, density, and type of development in
a coastal community. Regulations which restrict development can reduce the
exposure of people and property to hurricane and storm risks, and can enhance
the protective features of the natural environment. Basic types include
zoning and subdivision regulations and various specialized applications of

these standard tools.

onve ona n : u e quantit f developme e ed

Conventional zoning ordinances control the type of land uses allowed in
particular parts of a community (e.g., residential, commercial, industrial) as
well as their intensity (e.g., bulk, height, floor area ratio, setback
provisions). As a result, zoning provisions can control the amount and type
of property exposed to hurricane and storm hazards. For instance, open space
and recreational uses may be the most appropriate activities to be permitted
in high risk areas, such as Ocean Hazard AECs and NFIP V-zones. Restricting
such areas to commercial or public recreational activities would substantially
:educe the amount of property at risk and in turn the property losses to
accrue from future hurricanes and storms.

Zoning, with its emphasis on separation of uses, predictability of land
development, and regulation of building height, bulk, and land area is thé
most common regulatory device for guiding land development in North Carolina.

Authority to zone is granted in N.C.G.S. §153A-340 et seq. to counties and in
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§160A-381 et seq. to cities. This enabling legislation is based upon the U.S.
Department of Commerce Standard State Zoning Enabling Act, which is the basis
for zoning enabling legislation in most of the states. Local zoning

2 fThe zoning

ordinances must be in accordance with a comprehensive plan.
enabling legislation establishes the permissible purposes for zoning as
lessening congestion in the streets; securing safety from fire, panic, and
other dangers; promoting health, safety, and the general welfare; providing
adequate light and air; preventing overcrowding of land; avoiding undue
concentration of population; and facilitating adequate provision of
transportation, water, sewerage, schools, parks, and other public
requirements. Zoning purposes and variations which are found not to serve
these purposes are ultra vires and invalid unless authorized‘by other
legislation.

Zoning has been upheld as constitutional and a legitimate exercise of the
police power since ;he United States Supreme Court decision in City of Euclid
v, Ambler Realty Co., 272 U.S. 365 (1926), but the application of specific
provisions is still subject to chalienge. In North Carolina, the Supreme
Court has held that a zoning ordinance is valid unless "it has no foundation
in reason and is a merely arbitrary or irrational exercise of poﬁer having no
substantial relation to the public health, the public morals, the public
safety, or the public welfare in its proper sense."> The court graﬁts zoning

ordinances a presumption of validity.4

2N.C.G.S. §160A-383 (municipalities); §153A-341 (counties).

3In re Parker, 214 N.C. 51, 55 (1938).
4State v. Joyner, 286 N.C. 366, appeal dismissed 422 U.S. 1002 (1975).
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One zoning option for coastal communities is simply to designate hazard
areas as an open space or conservation zone in which all future development is
prohibited. Even if this were a politically feasible option, in coastal areas
where agriculture and other non-developed uses do not yield reasonable
economic returns it invites the constitutional challenge of a "taking" of
private property without just compensation (see Chapter 7). Depending on the
characteristics of the site, a prohibitory approach is not likely to be
defensible unless some economic use, such as agricultural, fofestry, or
commercial recreation, can be supported.

Land which is not suitable for agricultural uses cannot be designated for
such use simply to prevent further growth in an area. If undeveloped land,
which is in fact not agricultural land but in reality land suited for
development, is zoned exclusively agricultural, the courts will probably
invalidate the ordinance as a taking without just compensation. The same
problem is encountered in any attempt to zone an area exclusively industrial

or for other exclusively non-residential uses. However, North Carolina zoning
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enabling legislation does provide for the use of exclusive non-residential
zoning, and a zoning ordinance which excludes residential use from certain
areas can serve a variety of purposes beyond protecting lives from hurricane
hazards. Residential exclusion prohibits subdivisions from expanding into an
area and serves, in effect, as a holding zone to contain urban development, to
protect agricultural areas from increased demands for commercial and
residential development, and to prevent scattered residential development
which is difficult to serve with public improvements and services.

In most instances, in the absence of land acquisition or some substantial
form of landowner compensation, large scale prohibition of new development,
including residential, in hazard areas is not likely to be feasible. A more
pragmatic approach is one which seeks to reduce the overall guantity of
development at risk. While a residential zoning designation in an oceanfront
area may still permit considerable development to occur at high risk to
hurricane damage, this quantity may still be considerably less than vhat the
unregulated market would support. Moreover, reducing a zoning designation
from relatively dense multi-family development to single family uses may
reduce substantially the amount of property and the number of lives at risk.

However, the strategy of hazard risk reduction through decreasing
development density is contingent to some extent on the quality and type of
structures to be built., Multi-family structures, designed by engineefs and
architects, may be able to withstand the forces of hurricanes and storms much
more effectively than builder-designed single-family structures. While
limiting development to the latter type may reduce the quantity of property at
risk, this property may be more vulnerable to storm damage.

Reducing development densities is a very common approach, and examples

of conventional downzoning along high hazard coastal shorelines are not hard
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to find. In its recent hurricane hazard mifigation and post-disaster
reconstruction plan, the Town of Emerald Isle, North Carolina, notes its
efforts to reduce storm hazards by keeping down hazard area densities:
The Town's growth policy encourages relatively low density residential
development: high rise developments along the ocean are not typically
found in kaerald Isle. The Town has also downzoned lands that originally
allowed up to 13.5 dwelling units per acre to 8 dwelling units per acre.
This may reduce the ultimate number of units by 2,200 or about 7,300
seasonal sites (Town of Emerald Isle 1984, p. 10).
The hurricane hazard mitigation and reconstruction plan for Onslow County,
North Carolina, recommends that future permissible densities be lowered
considerably in West Onslow Beach (Topsail Islands to facilitaﬁe evacuation.
Moreover, while the plan recommends a reduction in overall density, it also
recommends more extensive reductions where the hurricane hazard is greater.5
The Onslow County plan illustrates that zoning can be used to reduce the
amount of property at risk in coastal hazard areas in proportion to the extent
and nature of the storm-related hazards in various locations. The quantity of
development permissible could be a function of the aggregate risks at a
particular site. For instance, less development may be permitted in an area
subject to both wave velocity action from storms and a potentially shifting
inlet than in a location subject only to velocity effects without the inlet
hazard. Different hazard zones can be designated with varying degrees and
combinations of hazards, with the density of development adjusted accordingly.
Proximity to ocean and sound waters may serve as a good proxy for storm risks,
with the most extensive new development permitted on locations farther inland.

An important factor to remember is that in a typical coastal community there

will be gradations of hazard risk, with the primary (mitigatidn) objective of

5Onslow County, N.C., Hurricane Storm Mitigation and Post-Disaster
econs tion Plans, prepared by Henry Von Oesen and Associates, Inc., April

1984,
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zoning often being to orient future development away from high hazard areas to
lesser hazard areas.

As with many of the other development management techniques discussed
herein, it is important to utilize zoning provisions to preserve, to the
extent possible, the protective features of the natural environment. It may
be desirable, for instance, to permit only very low densities of development
(vhere permitted at all) around wetlands. Development in close proximity may
threaten the health and vitality of these areas and in turn reduce their
utility in absorbing storm forces.

Density of development can be reduced in several ways. One approach is
to raise the minimum lot size required for structures. For instance, in a
high hazard zone, the zoning ordinance may be modifiea so that new residéntial
structures hefe must be situated on a minimum lot size of 50,000 square feet
rather than the previous 25,000 square foot minimum.’ A complementary
approach is simply to reduce the number of dwelling units permitted per acre
in high hazard areas. An existing permitted density of 10 dwelling units per
acre may be reduced to that of 5 dwelling units per acre. Either approach
serves to reduce the overall quantity of permissible development in a
particularly hazardous location.

On the other hand, this type of zoning may produce an inefficient form of
development, which increases the cost of providing services within the area.
Minimum lot sizes also tend to drive up land and housing costs. Extensive

minimum lot size requirements are likely to face legal difficulties where it

6Conservation Foundation, Flood Hazard Management and Natural Resource
Protection, prepared for FEMA, October 1980; Arthur R. Benton, Carolyn A.

Clark and Wallace W. Snell, Galveston I land-A Changin nvironment, Texas
ASM University, January 1980.
See Kill Devil Hills Ocean Impact Residential Zone, Appendix II.
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appears that the primary purpose of the ordinance is exclusionary (to prevent
certain groups of people from residing in a community) rather than related to
a valid governmental purpose such as protection from septic tank pollution or
protection of environmentally fragile or scenically important areas.8

Where an existing zoning ord..ance already exists, a reduction in
density may be most expediently accomplished by rezoning hazard areas to
existing zoning designations which exclude higher density uses. For instance,
the hurricane mitigation and post-storm reconstruction plan for the Town of
Nags Head, North Carolina, recommends that the town consider rezoning certain
portions of its beachfront from CR to Rl or R2, in order to prevent the
location of high density hotel and motel uses.?

Reductions in the densities of development permitted by zoning in high
hazard areas can occur in either the pre-storm stage or during recovery and
reconstruction. It may be difficult to overcome the political obstacles to
downzoning in the pre-storm stage, while storm devastation may present unique
mitigation opportunities.10 Of course, to fully realize post-storm mitigation
opportunities, localities should develop a reconstruction plan in advance,
based on the elements required in the CAMA regulations. Without a detailed,
thoughtful plan, post-storm rebuilding may proceed héphazardly to replicate or
worsen the pre-storm condition.

As one element of the post-storm plan, the community might decide in

~advance that certain pre-determined density reductions will be activated

8§gg Salamar Builders v, Tuttle, 29 N.Y.2d 221, 325 N.Y.S.2d 933 (1971)
(upholding large lot zoning to protect against septic tank pollution) and
v v . 419 Pa. 504, 215 A.2d 597 (1965)

(striking down large lot zoning intended to prevent the overburdening of
exist%ng municipal services).
Town of Nags Head, N.C., Hurricane Hazard Mitigation and Post-Storm

Reconstruction Plan, prepared by Coastal Resources Collaborative, Inc., 1984.
See Chapter 6.
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according to the extent of overall property damage occurring in particular
areas of the locality. For instance, in areas where multi-family structures
have been damaged by 50% or more of their market value on average, the
community may automatically imposed a denmsity reduction of, say, 25%. This
would permit some structures to be rebuilt but would simultaneously reduce
substantially the amount of future property at risk. The pre-specified
restrictions would likely be tied to the damage zones delineated during the
early stages of recovery and reconstruction and would resemble a sort of
floating zope which would become binding only upon the occurrence of certain
damage conditions.ll |
Floating zones are shown in the text of the zoning ordinance but not on
the zoning map. This technique is used when a local governmeﬁt recognizes
that a particular activity is desired for a general area, but the specific
site has not been located in advance. The floating zone may be applied to a
site if the conditions in the ordinance are met. A floating zone therefore
"floats" in the text of the zoning ordinance and waits to be affixed to.an
appropriate parcel of land. Typicaliy employed for such uses as shopping
centers, light industry and mobile home parks, floating zones are mnot
explicitly authorized by enabling legislation in North Carolina. A floating
zone ordinance may have legal difficulties as a form of spot zoning. The
North Carolina Supreme Court has defined spot zoning as arising "whefe a small
area, usually a single lot or a few lots, surrounded by other property -of
éimilar nature, is placed arbitrarily in a different use zone from that to‘

which surrounding property is made subject." 12 Conversely, legal problems

11See the triage discussion in Chapter 6, and the Model Moratorium
Ordinance, Appendix II.

270phi v. City of Wilmington, 273 N.C. 430 (1968).
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with the floating zone concept may be avoided if it is viewed as a form of a
special exception, with more detailed requirements and conditions to be met
before the use is permitted.13

Another traditional zoning concept that can be readily applied to density
reduction is the doctrine of ponconforming uses. A nonconforming use is
created when a land use or activity formerly permitted by right is
prospectively 1pvalidated by a new zoning ordinance. The ordinance’s
restrictions do not apply retroactively, so the former use is ngrandfathered
in." That is, the use is permitted to continue, yet is generally not allowed
to expand beyond a certain extent,-and, if destroyed or discontinued, is not
permitted to re-establish itself. For instance, a commercial establishment
may become a nonconforming use in a new exclusive residential zone. While the
business may continue operating in the short term, it may not expand its size,
and, if destroyed by a fire or other catastrophe, will not usually be
permitted to rebuild in this zoning district.l4

Nonconforming uses can be used to reduce storm hazard in several ways.
Certain high density uses in high hazard areas can be zoned out and declared
nonconforming uses through changes in zoning districts, and in time a slow
process of land use change might be expected. A shorter-term approach uses
the nonconforming use concept as a way of preparing for and managing
reconstruction after a hurricane or storm occurs. rFor instance, while a major
hotel or condominium complex may be tolerated in a high hazard zone because it
already exists, storm destruction provides an opportunity to change allowable

land uses and start over with a clean slate. Local officials should try to

13pogers v. Village of Tarrytown, 302 N.Y. 115, 96 N.E.2d 731 (1951).

l4gee Myrtle Beach Coastal Protection Overlay Zone §2, Model Amendments
§2, Kill Devil Hills Ocean Impact Residential Zone §20-10.10, Appendix II.
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rezone hazard areas before the storm so as to give notice of nonconforming use
status and to prevent the reconstruction of nonconforming structures before
the locality has a chance to change the zoning after the storm. Older
structures which are nonconforming may also be required to be brought "up to
code" in the event they are faced with substantial repairs.

Several issues are raised when rezoning for hazard reduction creates
nonconforming uses. The first concerns the financial and economic impacts of
declaring an existing use to be nonconforming. To what extent, for example,
does the zoning change lower the fair market value of a property and the
ability of its owners to secure continued financial backing? Furthermore,
will a loss in market value result in lower tax assessments and reduced
property tax revenues for the locality? Another issue is the extent or degree
of damage required before a storm-damaged nonconforming use is considered
destroyed and is barred from being reconstructed. The National Flood
Insurance Program has used a 50% fair market value loss criterion to
distinguish between damaged structures which do or do not have to be repaired
to NFIP standards (i.e., elevation to the 100-year BFE).

Localities which are not content to wait for storms to remove their
nonconforming uses might employ the concept of "amortization." Amortization,
typically employed to restrict signs and billboards, permits a nonconforming
use to continue for only a specified period of time. The amortizatibn period
is often tied to the economic depreciation of particular types of property and
must be reasonable in order to be upheld as a legitimate exercise of the
police power. The North Carolina Court of Appeals has upheld amortization

provisions in sign control ordinances.15 The use of amortization might be

15G600dman Toyota v, City of Raleigh, 63 N.C. App. 660 (1983); Givens v.
Town of Nags Head, 58 N.C. App. 697 (1982).
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expanded to situations where it is considered equitable to provide owners of
relatively short-lived property in high hazard areas with a definite
amortization or compliance period. For instance, a locality might require a
single-family homeowner in a high erosion area to relocate his home to a safer
parcel by some reasonable period of time. .

2) Coastal Setbacks

The concept of a development setback has long been part of zoning and
land use control. Setbacks are used in urban settings to ensure that
sufficient land is available for future roads and other public improvements,
and to ensure adequate light, access, and separation of structures. Setbacks
in coastal hazard areas are an extension of this zoning technique andAhave
become relatively popular as a means for both minimizing the impact of
development on beach and dune systems and reducing exposure to storm
haza;'ds.16 Setbacks can be required from the ocean itself (i.e., from the
mean high tide line), the first line of vegetation, or the dune ridge. _Such
setbacks may be state-mandated or local option. North Carolina, under CAMA
regulations, requires small coastal developments to be located landward from
the first line of vegetation (or crest of dune), or a distance 30 times the
annual rate of erosion for that particular segment of coast, whichever is
greater. This setback is 60 times the annual rate of erosion in the case of
multi-family structures of four units or more and structures of moré than

5,000 square feet in size.l’

16Kusler, ovative ood n Management: umma
, Boulder, CO: Institute of Behavioral Science, 1982; UNC Center
for Urban and Regional Studies, Review of State Programs and Policjes to

Reduce Coastal Storm Hazards, Chapel Hill, N.C., 1984.

15 N.C. Admin. Code 07H.0306. The Myrtle Beach Coastal Protection
Overlay zone, Appendix II, establishes a "Building Control Line."
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3) Specjal Use Permits

Many localities across the country have felt constrained at times by the
rigid classifications of conventional zoning. In order to gain flexibility or
acquire desirable developments, some communities have resorted to directlj
bargaining with developers to exchange zoning rules for some form of benefit.
Such an exchange is referred to as contract or conditional zoning.l8 However,
contract and conditional zoning have been ruled invalid in North Carolina, as
in the nature of spot zoning.19 Amendments to the zoning ordinance designed
to give preferential treatment to select landowners are referred to as "spot
zoning" and are almost always struck down by the courts if they are
challenged.20

Even though pure contract zoning is illegal, localities have many ofh;r

options to enhance the flexibility of land use controls. One of the most

18ynder the concept of contract zoning, the jurisdiction agrees to allow
a land use activity not normally permissible in a particular area, such as a
rezoning from low-density residential to commercial or higher-density
residential, in exchange for a certain desirable feature provided by the
developer, such as a deed restriction or public improvements. Conditional
zoning is similar to contract zoning, but without the community selling or
bargaining away its regulatory authority. Here, zoning changes are permitted
only if they satisfy the stipulations laid down by the community at the time
of project review. For example, a locality may agree to rezone low density
residential to commercial uses in a high hazard zone, only if the developer
agrees to ensure that his structures can be used for sheltering the public in
the event of a hurricane threat.

19491red v. City of Raleigh, 277 N.C. 530 (1971).
207he invalidity of spot zoning consists of isolating a select parcel for

preferential treatment and relieving the parcel of restrictions to which

surrounding property is subject. Blades v, City of Raleigh, 280 N.C. 531
(1972); Godfrey v, Union County Board of Commissionmers, 61 N.C. App. 100

(1983). The North Carolina Court of Appeals has explained that rezoning must
be effected by the exercise of legislative power rather than by special
arrangements with the owners of a particular parcel of land. se Vv d
County, 60 N.C. App 170 (1982). See also Brough, "Flexibility without
Arbitrariness in the Zoning System: Observations on North Carolina Special
Exception and Zoning Amendment Cases," 53 North Carolina Law Review 925
(1975).
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common devices in North Carolina is the conditional or special use permit,
also called the special exception. This technique is employed in areas where
certain activities are permissible but require special scrutiny to screen out
or minimize the particular problems individual developments may present.
Generally, the special use is permitted as a matter of right within a given
zone if the proposed development meets certain conditions and criteria. These
criteria, which must be objectively stated in the ordinance, most often relate
to the provision of municipal services or to the reduction of adverse
environmental impacts.21

Special use permits are distinguished from contract or conditional zoning
in two ways. First, criteria that must be met before a special use permit is
issued are expressly stated in the ordinance and apply equally to all property
owners within a given zone. Second, special use permits require no
concessions or commitments from the community. The applicant for the permit
needs only to demonstrate that the proposed development meets the required
conditions for the permit to be granted. Also, the special use permit is
entirely different from a variance, which is a departure from the terms of the
zoning ordinance and is granted where enforcement of the terms of the
ordinance would result in undue hardship. The speciai exception is a
permitted use under the terms of the ordinance in contrast to a departure from
the ordinance in the case of a variance.22‘

Authority for the use of special exceptions or conditional use permits is

granted to municipalities in N.C.G.S. §160A-381 et seq. and to counties in

ZIIQ_LQ_Ellig, 277 N.C. 419 (1970); Coastal Ready-Mix Concrete Company v,
Board of Commissioners of the Town of Nags Head, 299 N.C. 620 (1980). :

22ggckson v. Guilford County Board of Adjustment, 2 N.C. App. 408 (1968),
aff'd 275 N.C. 155 (1969). ‘
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§153A-340 et seq. The North Carolina Supreme Court has upheld the use of
special exception ordinances against an improper delegation of legislative
authority challenge so long as specified conditions are met. The special
exception ordinance is valid when the standards set forth in the ordinance
provide adequate standards for the delegation of legislative authority, form
the basis for the decision of the board of adjustment, and follow the

applicable procedural safeguards.23

4) Bonus or Incentive Zoning

Bonus or incentive zoning allows developers to exceedllimitations,
usually height or density limitations, imposed by conventional zoning in
exchange for developer-supplied amenities or concessions. Fof example, a
builder may be permitted to exceed a height restriction if the developer
provides open space adjacent to the proposed building. Incentive zoning has
been used for some time in large urban developments. In New York, for
example, a developer can obtain a 20% increase in permissible floor area for
projects which incorporate a legitiﬁate theatre. Density bonuses have been
given to encourage the incorporation of low and moderate income housing into
development projects.zh In the case of coastal hazard areas, deﬁelopers may
be granted additional development units if projects incorporate hazard-
reduction features. These features may include the purchasing and déeding to
the public of high hazard lands, or the provision of design features which may

increase the ability of structures to withstand storm forces. It may

23yumble 0i1 and'Re ning Company v. Board of 1dermen of Ch .
286 N.C. 170 (1974).

24G M. Fox and B.R. Davis, "Density Bonus Zoning to Provide Low and
Moderate Cost Housing," 3 Hastiungs Con, L.Q. 1015 (1978).
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counteract other hazard mitigation strategies, however, to encourage or permit
additional densities in coastal hazard areas, even if public amenities and
hazard-reduction features are provided as compensation.

Moreover, bonus or incentive zoning is not explicitly permitted by North
Carolina zoning enabling legislation. The legality of this zoning variation
in North Carolina is uncertain because of its resemblance to contract and
conditional zoning. Legal problems might arise for two reasons. First, when
used without traditional zoning, incentive zoning deals primarily with
density, and not use, in classifying land uses. There may be questions as
whether this is within existing en#bling legislation. (Apparently no
municipalities have used this tool without also using conventional zoning.)
Secondly, if used in combination with traditional zoning, the technique might
be attacked as unlawful contract zoning. On the other hand, incentive or
bonus zoning is similar to dedication, and the use of dedication has been
upheld when used as part of a subdivision regulation and in other contexts.

The relationship between the amenity provided by the developer and the
bonus allowed in return may be important for judicial approval of incentive
zoning. For example, an incentive ordinance may allow a smaller lot size in
subdivisions in return for more open space than is ordinarily required. There
is an obvious relationship between alléwing smaller lots and proviaing more
open space. A more difficult situation arises when an ordinance allows
smaller lots in return for the provision of an amenity such as bikeways. It
may be that incentive ordinances for non-controversial purposes are not likely
to be challenged, and perhaps even a tenuous relationship between the amenity

and the bonus will justify the ordinance.



Performance zoning sets standards for each zone based on permissible
effects of a development rather than specifically enumerating the types of
uses, dimensions, or demsities permitted. If the prescribed standards are
met, any use is allowed in the zone. This technique has been extensively used
in industrial zoning to set standards on noise, dust, emissions, and glare.
More recently, the technique has been used in broader applications, with
standards keyed to demands on public services such as water supply, waste
water treatment, and roads. Application may involve protection of the
environment by specifying maximum levels of permissible stress on natural
systems. For example, a community may specify the amount of permissible
disturbance of vegetation in & given zone, and any use would have to meet that
standard before development could take place. Performance controls for
sensitive lands may work as a system to protect natural processes in

environmentally sensitive areas, such as wetlands, floodplains, and dune
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systems, Performance controls are most often used in conjunction with
traditional zoning ordinances, or as an overlay to the conventional zones.

The power to zone by the use of performance standards is not explicitly
granted in North Carolina enabling legislation, and no court decisions
expres..y address the validity of the technique. The North Carolina Supreme
Court has, however, upheld the use of performance standards in a municipal
floodplain ordinance against taking and equal protection challenges.zs It
seems that performance standards, if rationally devised and consistently
applied, could qualify as a comprehensive plan, and zoning in conformance with
those standards could be upheld under the broad grant of zoning authority.

ulation Caps and Annu velopment Limits |

One approach to addressing the hurricane threat is simply to restrict the
number of people permitted to reside in the community. Population caps may be
particularly appropriate in barrier island communities where only limited
numbers of people can evacuate safely should a hurricane or severe storm
threaten. It may also be true that a strategy to reduce future property
damage is actually aimed at restricting the amount of development permitted in
the community. Usually, however, such restrictions are employed for other
purposes, such as to protect the aesthetic quality of a community or to ensure
that a natural resource is not overtaxed.

Two basic approaches have been identified. One approach is to éstablish
26

an absolute "cap" on the amount of future growth permitted in the community.

The cap may be assessed in terms of overall population or development or

25 onsible Cit n o n the Floo a dina v
of Asheville, 308 N.C. 255 (1983).
For a general review and comparison of these, see Bureau of Government
Research and Service, cal Governme Policies for Urban Development:
Review of the State of the Art, University of Oregon, 1974.
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dwelling units. The City of Boca Raton, Florida, has become a classic example
of an attempt to use this approach. Citizens here voted in 1972 to enact a
charter amendment restricting the absolute number of dwelling units in the
jurisdiction to 40,000, with a series of downzonings to implement this -
provision.27 The Boca Raton ordinance was found to be constitutionally
deficient as a violation of state and federal due process and as having no
rational relationship to a permissible municipal objective.28 It is highly
unlikely that such an ordinance would survive judicial scrutiny in North
Carolina unless some dire circumstances were exhaustively documented or
undisputed.

A second and more legally acceptable approach is to limit growth on an
annual basis. The City of Petaluma, California, is ; prime exagple of tﬁe use
of this approach. Here provisions were enacted which restricted the issuance
of building permits to roughly 500 residential units per year. Development
applications are evaluated according to the Petaluma General Plan and
environmental design plans.29

A program of restricting the amount of annual growth, or enacting a
temporary building moratorium, may have several advantages for a storm-
vulnerable coastal locality. It will reduce the speed of new development and

growth and consequently the reduce the extent of lives and property at risk in

27David Godschalk, David J. Brower, et al,
Growth Management, Chicago: APA Planners Press, 1979; and Toni I. Meador,
"Managing Growth on Florida's Gold Coast: Boca Raton and the Growth Cap,”
v , February 1979.

28§1§x of Boca Raton v. Boca villas Corp., 371 So.2d 154 (Fla. App.
1979), cert. denied, 381 So.2d 765 (1980).

29Godschalk, Brower et al., Constitutional Issues of Growth Management,
supra. The Petaluma ordinance was upheld in ggn§g;gg;ign_lnggggxx_Aggggigsigg
of Sonoma County V. City of Petaluma, 522 F.2d 897 (9th cir. 1975), cert, den.
424 U.S. 934 (1976).




110

the short run. In the long run, however, the absolute level of development
may remain unchanged. Timing growth in this way may afford a community more
time to plan for the storm hazard, and may place the community in a better
position to make intelligent land use and other decisions which can eventually
reduce the extent of local storm hazards. As a further example, a community
may need additional time to finance and put in place certain public facilities
critical to the safety of people and property, such as a new bridge to the
mainland or a detailed hazard map. |

No communities in North Carolina have enacted annual permit limitations
1ike Petaluma's. A similar, although not so rigid approach, is to dictate
stringent conditions which must be met before a permit will be issued. North
Carolina’'s building laws set various standards for structures in pursuance of
the public health, safety, and general welfare. Absolute limitations on tﬁe
number of permits, however, are not mentioned in the building code enabling
legislation. The issuance of a building permit is conditional upon compliance
not only with the state building code, but with all applicable local laws such
as the local zoning regulations.3o Local regulations may not modify. the state
building code, which governs construction standards. The enabling statutes do
not state how stringent the conditions set by local government for permit
issuance may be, with respect to the provision of public services and the
protection of the environment and neighboring property owners.

The population cap and permit limitation techniques suggest the
possibility of closely tying permitted new growth to the capacity of a coastal
locality and its residents to respond to a storm hazard. Such an approach has

been employed in the growth management system adopted by Sanibel Island, -

30§.c.G.S. §160A-417.
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Florida. Shortly after the island was incorporated, a moratorium on new
development was initiated and a comprehensive plan based explicitly on the
capacity of the island’s natural and built environments to sustain new growth
was developed. Evacuation is calculated to take five hours, assuming 12 hours
of warning and subtracting from that a four hour hazards cutoff time (beyond
which evacuation is not possible), and three hours mobilization time (i.e.,
time required for warning, preparation of residents, ana for establishing an
evacuation system).31

The Sanibel case {1lustrates the use of the concept of "carrying
capacity." Carrying capacity means the natural and manmade limits to
development beyond which significant harms will oceur. 32 Carrying capacity
can be used to assess the effects of development on such natural factors as -
ground water supply and wetlands productivity, and manmade factors such as
sewage treatment and roadway capacity. This concept has been applied in
practice to a number of coastal 1ocalities.33 Several implications for storm

hazard reduction arise from the application of carrying capacity analysis.

The first is that, as in Sanibel, carrying capacity is particularly relevant

31See Godschalk, Brower et al., Constitu jonal Issues © wth
Management, supra; J. Clark, e Sanibe eport: Formulat
ve n d on Natura ems, The Conservation Foundation 1976;

City ¢ Sanibel, Florida, Comprehensive Land Use Plan 1980.
pavid Godschalk and Francis H. Parker, "Carrying Capacity: A Key to
Environmental Planning?" 30 (4) J. of Soil and Water Conservation 160-165,
1975; Devon M.Schneider, David Godschalk and Norman Axler, The Carrving
00l, PAS Report 338, 1978; David Godschalk,
et al., Carrving Capacity--A Basis for Coastal Planning? Department of City
and Rggional Planning, University of North Carolina at Chapel Hill, June 1974.
See, e.g., Department of City and Regional Planning, Currituck County
a a udy, University of North Carolina at Chapel
Hill, 1983; Town of Nags Head, N.C., Hurricane Hazard Mitigation and Post-

Storm Reconstruction Plan, prepared by Coastal Resources Collaborative, Inc.,
1984,
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to assessing evacuation capacity.34 Second, natural and manmade limitations
on coastal development may proﬁide a rational means to regulate the location
and quantity of new growth, which in turn may serve to reduce storm hazards.
Carrying capacity objectives, in other vords, may be used to reinforce and
complement efforts to reduce storm hazards gen~rally.

2) Interim or Temporary Development Regulations

Interim or temporary regulations are designed to substantially retard
development for a limited period. These regulations often take the form of a
complete temporary moratorium on cgrtain types of development or all
developmént in certain locations. Temporary development moratorium can be of
at least two types. First, a planning moratorium may be used to slow or to
freeze development in a certain area until a plan can be drafted and a
permanent scheme of growth management controls implemented. Temporary
development control serves three functioms: it permits planning and ordinance
writing to proceed relatively free of development pressures; it prevents uses
that will be incompatible with the eventual regulatory and planning scheme
from being initiated before the scheme is operational; and it allows time for
public debate on issues relevant to development of the permanent control
system.

Second, an environmental moratorium restricts development dufing a period
in which community facilities are over-pressured. Environmental moratoria are
most commonly called for during rapid community growth and, to be effective,
must be generally tied to programming of facilities related to the

environmental problem. The most common example of such a moratorium involves

34gee particularly Currituck County Outer Banks Carrying Capacity Study,
supra.
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inadequate capacity of a sewage treatment facility. For example, in the early
1970's, Currituck County instituted a 15-month moratorium on approval of new
subdivisions in order to provide time for land use planning and replatting of
unrealistic subdivisions.

The power to impose an int~rim moratorium on development is not granted
explicitly to local governments in North Carolina zoning or planning enabling
legislation. Reasonable interim controls, if related to pressing community
problems, however, are likely to be upheld. _Judicial decisions in several
other states have upheld interim moratoria as constitutional and as within the

scope of standard zoning enabling 1egis1ation.35

8) Regulation of Mobile Homes

Because of their relatively fragile construction and lack of adequate
foundations, mobile homes present particular dangers in the event of a |
hurricane. Both the occupants and the neighbors of mobile homes would be
endangered by wave and wind action destroying or uprooting the home and
battering it into nearby structures. Coastal communities may employ several
specific methods to regulate mobile homes, including licensing, inspection,
taxation, and zoning. The most obvious technique would be to prohibit mobile
homes from locating in high hazard areas or to confine them to mobile home
parks in sheltered locations.36 Uniform standards regarding the construction
and sale of mobile homes are contained in N.C.G.S. §143-144 et seq. énd rules
promulgated by the Building Code Council thereunder. Local building

inspectors are charged with enforcement of these rules.

35§gg Westwood Forest Estates v, Village of South Nyack, 23 N.Y.2d 424,
244 N,E.2d 700 (1969). '

3 See N.C. Division of Emergency Management, Model Flood Damage
Prevention Ordinance Article 5, §B(4)(c), Appendix II.
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The'authority to regulate mobile homes.stems from the North Carolina
general zoning and public power enabling legislation and from legislation.
granting counties and cities the power to enact ordinances which protect the
general health and safety. Mobile homes are considered sufficiently different
from other types of housing that there is a rational basis for pls:ing

different requirements upon them.37

B. Subdivisjon Regulation

v view

Subdivision regulations govern the conversion of raw land into building
sites or developed uses and the type and extent of improvement made in tﬁis
conversion. Subdivision regulations can control the density, configuration,
and layout of development. They operate in ways similar to zoning to control
the amount and density of development on a particular site. They can also
establish effective requirements and standards for public improvements,
including streets, drainage pipes, sewer outlets, and so forth. The
requirement of minimum lot size can reduce the amount of new development
exposed to storm hazards. Site plan review and other requirements of
subdivision approval can provide the opportunity to orient the location of
development sites in ways which minimize storm risks. For instance,

subdivision regulations may require that new single-family dwellings on lots

37cyrrituck County v. Willey, 46 N.C. App. 835, review denied 301 N.C.
234 (1980). Mobile homes may not be absolutely prohibited from a city, Jown
of Conover v, Jolly, 277 N.C. 439 (1979), but they may be restricted to mobile
home parks. City of Asheboro v, Auman, 26 N.C. App. 87, cert, denjed 288 N.C.
239, 217 (1975); Duggins v. Town of Walnut Cove, 63 N.C. App. 684 (1983).
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in hazard areas be sited so as to maximize distance from high hazard
oceanfront areas.

The authority to regulate subdivisions is granted to both municipalities
and counties. Both are authorized, among other forms of regulation, to '
require dedication or reservation of recreation areas adequate to serve the
residents of the immediate neighborhood within the subdivision.38 Dedications
of a specified amount of land (usually for parks or schools) or money in lieu
of land force the developer of the subdivision to provide for needs generated
by the subdivision. When the developer is allowed to pay in cash instead of
{n land, the community is given additional flexibility in meeting the needs of
the subdivision. If, for example, a good park site is not available on the
land owned by a developer, the cash contribution can-allow the 1oca1 ‘
government to purchase a nearby park site for the neighborhood.

Standards have recently been broadened in scope, and a subdivision plan
may be refused approval where there is a fair or substantial showing that the
subdivision will cause undesirable off-site problems such as creating hazards,
environmental degradation, orx increasing the burden on already overloaded
public facilities, such as roads and sewers. In this newer form, subdivision
regulations can facilitate orderly municipal growth in accordance with a
comprehensive plan by controlling the sequence and time of development.

Subdivision approval might also be made contingent on mitigatibn actions,
such as the protection of dunes, wetlands, or natural vegetation.39 For
instance, subdivision and site plan provisions may require that structures.be

located a sufficient distance from protective dunes. This may, in fact,

38y c.G.S. §160A-371 et seq. (cities); N.C.G.S. §153A-330 et seq.
(counties).
See Model Amendments §4(b).
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amount to a setback over and above the CAMA requirements, but not necessarily.
Subdivision approvals may also be made contingent upon the planting of certain
vegetation and the restoration and repair, to the extent feasible, of existing
dunes. Another promising altermative is to preserve the option of moving a
structure back from the ocean by requiring lots which are sufficiently deep
for this purpose. The additional depth could be considered analogous to the
*repair” areas often required for septic tank use. If necessary, a structure
could then be moved to the landward portion of the lot, in a safer location.

2) Clustering

Perhaps some of the most promising subdivision regulation techniques from
a storm mitigation perspective are clustering provisions.ao Clustering may
either be required generally or be presented to developers as an option.
Applied either way, these provisions would not affect the overall density
permitted on a particular site, but would seek to concentrate or cluster a
higher density of structures on portions of the site vhich are less hazardous
(e.g., outside of the flood zone, at a distance from velocity zones and active
inlets). By directing density to a particular portion of a site, clustering
can both permit and encourage development to locate on the less-hazardous
portions of a site, vhile preserving hazard-prone areas in an undeveloped
state.

A prime opportunity for accomplishing-such a reorientation of development
could occur during reconstruction following a damaging storm. For instance,
.post-storm development regulations could encourage clustering new development

on the landward side of the ocean highway, with parking and recreational open

40gee William Whyte, The Last Landscape, Garden City, NY: Doubleday,
1968.
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space areas on the seaward side. Undeveloped beachfront areas may typically
include features such as wetlands or vegetation which in themselves serve to
protect against storm forces. Clustering may also encourage ghe construction
of buildings which are more structurally resistant to storm forces, and may

provide a more economical provision of certain storm protection improvements

\

(e.g., bulkheads). Clustering can, as well, economize on the public

facilities, such as sewer, water, and roads, which must accompany development,
in turn reducing the amount of property at risk.41 Clustering may offer
further advantages in the provision of community storm shelters and evacuation

services.

4lpeal Estate Research Corporation, The Costs of Sprawl, Council on
Environmental Quality, 1974.
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3) Exactions and Development Conditions

Traditionally, subdivision approval is contingent upon the provision by
the developer of certain land or facilities, or monetary contributions in lieu
of such dedications. Referred to as "exactions," these conditions have often
taken the form of requirements to construct and dedicate, or to pay for the
construction of, such immediate facilities as sewer and water lines, curbs and
gutters, and roads. Typically included as well are requirements that the
developers contribute a certain amount of land for open space, parks and
recreation, and future school sites. These are generally needs directly
related to the new development.

The exactions process offers potential for storm hazard mitigation in
several ways. It may require, for instance, that when private developers
build and dedicate public facilities, these facilities be constructed in ways
which are hurricane-resistant (floodproofing sewer and water lines, elevated
roads, etc.). Moreover, in the dedication of lands, or fees in lieu of such
dedications, the community can require that lands which are particularly
hazardous be dedicated--in turn ensuring that such areas are used for non-
developed or non-intensive uses. An in-lieu land acquisition fund may allow
the community to combine resources and to acquire in a more aggressive way
large tracts of high-hazard land. Consideration'of public reconstruction
requirements may also be appropriate. For example, the community may wish to
make subdivision approval contingent upon the contribution of the developer to
a "reconstruction fund," which would be used to finance both immediate
recovery and longer-term reconstruction costs.

Some communities have attempted to tie subdivision approval to the
adequate provision of off-site community facilities and services, such as

police, fire, and schools. Subdivision regulations which take into account
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off-site facilities recognize that new development requires more services than
those which are on-site. These regulations protect the revenues of the
municipality and force the development to carry its own financial burden.

They ;lso promote development in areas where there can be orderly and
efficient extensions of municipal services and where major expenditures for
new roads, schools, and other public facilities are not required.

The state enabling legislation for subdivision regulation by municipal
and county governments recognizes as legitimate objects of regulation the
provision of community service facilities, the dedication of parks and
recreational areas, and the reservation of school sites. Similar reasoning
applies to hurricane hazard reduction. Subdivision approval might be
contingent, for instance, on adequate community-wide evacuation capacity, or
the provision of community storm shelters. It seems apparent that a cityior
county has the authority to condition its subdivision permits on the provision
of off-site facilities.

4) Planned Unit Development (PUD)

Planned unit developments combine elements of zoning and subdivision
regulation in permitting flexible design of large- and small-scale
developments which are planned and built as a unit. Specific plans for the
development are required in advance and must be approved by the administrative
body. This concept eliminates the lot-by-lot approach common to zoning and
subdivision regulation and can be used as an incentive for better development
by enabling complete development proposals to be planned and approved.

In its simplest form, planned unit development takes the shape of cluster
development. An example might involve a developer with 100 acres of land
which he could divide into 400 quarter-acre lots according to existing local

ordinances. Cluster zoning would give the developer the alternative of
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clustering units closer together in one part of the site, provided that the
overall number of units does not exceed 400. The open space saved by
clustering is left for the common use of the residents. From this simple
"density transfer," planned unit development builds into complex forms. In
its most advanced stage, planned unit development allows a variety of housing
types as well as commercial, agricultural, and industrial uses. Typically,
developers are permitted to develop under PUD provisions when the proposed
development exceeds a minimum specified number of acres or housing units.
Planned unit developments are usually subject to zoning ordinances, although
they are not actually mapped, and must therefore comply with the use
restrictions within the zones where they occur. Increasingly, however, some
mixing of uses and increases in density are permitted.

The PUD technique provides flexibility because the final design is a
matter of negotiation between the developers and the planning authorities.
PUDs are generally attractive to developers of large tracts of land. Planned
unit development projects can be provided with urban services and facilities
more economically than conventional development. They alsoc allow
environmental protection of sensitive areas while allowing residential and
commercial development. PUD project design can enhance storm hazard reduction
by, for instance, permitting deviation from normal zoning and subdivision
requirements when the developer’s plans incorporate storm hazard reduction
features, such as protective land and vegetation buffers and the provision of

on-site storm shelters.“2

42 Robert Burchell (ed.), Planned Unit Development, Rutgers University:
Center for Urban Policy Research, 1972; Robert Burchell (ed.), New Frontiers

Planned Unit Development: A Synthesis of Expert Opinion, Rutgers
University, 1973.
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Planned unit development ordinances are not specifically authorized by
enabling legislation in North Carolina, nor has their validity been tested in
the courts. The use of this technique would probably be upheld as an
extension of the special exception procedure, which is permissible under the
existing enabling legislation. Most recent decisions in other jurisdictions
have upheld the validity of such ordinances. Many North Carolina
municipalities have such ordinances, and specific enabling legislation would

remove doubt as to their validity.43

I1. Land and Property Acquisition

The acquisition of land and property, or interests therein, may in many
cases be the most effective approach to reducing the extent of exposure to
storm hazards. Several acquisition approaches are discussed here: 1) fee
simple acquisition of undeveloped land; 2) acquisition of less-than-fee-simple
interests in undeveloped land; and 3) fee simple acquisition or relocation of

existing development.

A. Fee Simple Acquisition of Undeveloped Land

Fee simple acquisition entails the public’s obtaining the full "bundle of
rights" associated with a parcel of real property. With respect to the storm
hazard, acquisition may have §evera1 immediate functions. The first is to
secure in public hands high hazard areas, thus in turn preventing the future
eprsure of lives and property to storm hazards. On a larger scale public -

acquisition of land can serve to influence the direction and timing of growth

43See Patterson, "Planned Unit Development and North Carolina Enabling
Legislation," 51 North Carolina Law Review 1455 (1973).
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and development in a locality. Urban land banking programs, particularly
popular in Europe, have attempted to regulate growth by preventing development
in undesirable locations while strategically releasing other land more
suitable for development.44 On a smaller scale, single parcels of land may be
purchased to prever~t the location of certain growth-attracting activities such
as a shopping center, boat marina, or manufacturing complex. Land acquisition
can also be used to secure, in advance, and typically at lower prices, land
that will be needed at some point in the future for public facilities and
services. The primary focus of the following discussion will be on the
acquisition of undeveloped high hazard parcels as an attempt to reduce the
level of risk to lives and property.

As a basic legal requirement, land acquisition by a local government must
meet the "public purpose" test. Early North Carolina decisions required tﬁat
land purchased by a governmental unit meet a narrow "use by the public"
formulation of the public purpose test.# More recently a broader "public
benefit" application of the public purpose test has been applied in judicial
review.46 The general statutory authority to acquire property or interests in
property is granted to North Carolina counties and municipalities in N.C.G.S.

§§153A-158 and 160A-11, respectively. Specifically, counties and cities may

44See Ann L. Strong, Landbanking: European Reality, American Prospect,
Baltimore: Johns Hopkins Press, 1979; Sylvan Kamm, ndbanking: Public Polic

Alternatives and Dilemmas, Washington, DC: Urban Institute, 1970; Kermit C.
Parsons, blic n cquisition fo ew_Commu nd the Co
Growth; Alternative Strategies, Cornell University, Center for Urban
Develogment Research, March 1973.

45¢cozad v, Kanawha Hardwood Co., 139 N.C. 283 (1905).

465tate Highway Commission v, Asheville School. Inc., 276 N.C. 556
(1970). See also Note, "Eminent Domain--The Public Use Requirement," 46 North

Carolina Law Review 663 (1968).
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acquire fee simple or other interests in land in order to acquire open space,
which has been declared a proper public purpose.47 Municipalities in Dare
County have been authorized to buy land for "open space and water access
projects” by special community service facility fee legi.slat:i.on.“8

The use of fee simple acquisition as a hazard mitigation technique poses
a number of practical if not legal questions. Perhaps the most significant
problem for coastal localities is the cost and means of financing
acquisitions. Outright purchase of land in coastal areas experiencing
moderate or high levels of market demand will tend to be very expensive--
prohibitively so for most localities. The purchase of already-improved land
will be even more expensive, although damaged properties purchased in the
aftermath of a storm may reduce these expenses substantially.' The locality-
must be prepared, however, to take advantage of "bargain sales" after the
storm, when some property owners may wish to vacate the hazard area. It may
also be possible to obtain reduced acquisitions costs through the use of
eminent domain authority.

The expenses associated with fee simple acquisition can be reduced in a
number of other ways besides waiting for a post-disaster bargain. First, a
locality may seek to acquire land several years in advance of development,
when its current market value is relatively low. This form of "land banking"
enables local governments to preserve the most suitable sites for puﬁlic use

and to avoid paying inflated prices for land needed for public facilities. It

475.c.6.S. §401 et seg. In addition, municipalities are authorized to
purchase property in fulfillment of urban development and growth management
policies under N.C.G.S. §160A-457, which authorizes cities to acquire property
by voluntary purchase for historic preservation, for the beautification of
urban land, for sound community development and growth, for scenic area
conservation, and for other growth management oriented purposes.

48Chapter 536, 1985 Session Laws.
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also provides advanceAnotice of where public facilities are to located, which
can influence the location of private development. Courts have generally
supported cities’ right to acquire land in advance of need. Condemnation for
a future use was upheld by the United States Supreme Court in 1923.%9 1In
North Carolina, there is no specific enabling legislation for advance site
acquisition, but the concept does receive support from statutes which allow
the reservation of school sites in accordance with a comprehensive land use
plan as part of a subdivision regulation ordinance.’® Advance site
acquisition for other purposes has never been directly challenged in North
Carolina courts, but has received Some Judicial support.51

Official mapping is another technique for keeping acquisition costs down.
An official map is a legislatively adopted map which reflects a municipality’s
decision to locate streets, parks, and other public facilities at the places
marked and to acquire the property for the facilities. The map is implemented
by a prohibition against improvements in areas earmarked for acquisition and
may be enforced by injunctive relief and denial of the rights to compensation
for unauthorized improvements, though there is generally a variance procedure.
This technique can significantly reduce a municipality’s expenditure for land
acquisition by suppressing rising development expectations which lead to
higher market values for the earmarked-parcels. North Carolina enabling

legislation does not expressly authorize the use of official mapping; however,

49pindge v, Los Angeles County, 262 U.S. 700 (1923).

30N.C.G.S. §160A-373 (cities), §153A-331 (counties).

51Vance County v. Royster, 271 N.C. 53 (1967), upheld the condemnation of
land for construction of a public airport. The holding stated that it is
immaterial that only a small segment of the public will be likely to make
actual use of the airport in the immediate future, since the airport is
necessary for projected future demands.
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the use of mapping and land reservation is authorized in conjunction with
subdivision regulation for school sites.3?

The costs of fee simple acquisition might also be reduced through the use
of préemption of "right of first refusal."” This mechanism would essentially
allow the local government to insert itself in the place of a property buyer
in any local land transaction. In other words, the locality would
automatically be in a position to oversee all land transactions and to spend
its limited resources in acquiring only those lands which are truly threatened
by development (actually in the process of being sold for development uses).
This technique has been used extensively in France and by the State of Oregon,
but would probably require enabling legislation before it could be implemented
in North Carolina.

Another method for reducing acquisition costs is to purchase properties
and resell them with restrictive covenants attached. Placing publicly owned
land back into private hands, where possible, may do much to reduce the
overall costs of the transaction while the covenant maintains restrictions on
the use of the land. However, localities which acquire land should examine
other public goals and objectives, such as parkland and recreation, before
disposing of parcels acquired to reduce storm hazard exposure.

Acquisition costs may also be reduced by taking advantage of all
available outside funding sources, especially state and federal government
grants. Historically, where acquisition has been used most extensively as a
mitigation tool, there has been substantial federal and state financial

53

contribution. For instance, §1362 of the Federal Disaster Assistance Act

524 ¢.G.S. §160A-372 (cities); N.C.G.S. §153A-331 (counties).
3Jon A. Kusler, Floodplain Acquisition: Issues and Options_in
Strengthening Federal Policy, Washington, DC: U.S. Water Resources Council,
October 1979.
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provides for federal funds for the purchase of federally-insured properties
damaged by a storm, under certain conditions and subject to funding
constraints. A locality may also be able to coordinate its acquisition
efforts with private organizations, such as the Nature Conservancy and the
Trust for Public Land, that are actively involved in land acquisition for
conservation. These organizations are often better able to undertake
extensive acquisition programs than are single jurisdictions of local
government. Although their acquisition decisions are typically based on n&n-
hazard objectives, a community may be able to influence these private
conservation purchases in several ways. This may be done, for instance,
simply by better communicating the local government perception of whaf
acquisitions will be in the public interest or by convincing the private group
that purchasing parcels in hazard areas will serve multiple social objectives.
The locality may also be able to negotiate a cost-sharing arrangement, in
whicﬁ the local government, through some form of financial contribution, is
entitled to share in specific decisions concerning acquisition or management
of land.

Even when acquisition costs can be kept down through one of the above
methods, the community must address the issue of how to finance the inevitable
local expenses involved in acquisition. The direct approach is simply to
finance these expenses through general revenue funds, but of course éither
local taxes must be raised, or funds diverted from other local needs, to pay
for acquisition costs. Because acquisition of hazardous lands reduces overall
or community-wide damage exposure and potential consequent legal liability, it
can be argued that general revenue financing makes sense from an equity point
of view. Alternatively, the funds could be raised by special means, including

the collection of an impact fee from new development or through special
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district levies and assessments. Both of these methods are discussed in

Section I1I (b) below.

ase o velopment h onatio eme

Where the fee simple purchase of hazardous lands is, for various reasons,
not feasible, a locality may consider the purchase of 1eés-than-fee-simp1e
interests in land. One such approach is to acquire the rights to develop
high-hazard parcels. Under this arrangement, a local government would pay the
landowner the fair market value of the development right in exchange for
agreeing to leave the land in an undeveloped state fo; a specified period of
time, but often in perpetuity. The transaction is usually accomplished
through a restrictive covenant which runs with the préperty. Throughout.tﬁis
section we will refer to this technique as the Purchase of Devel@pment Rights
(PDR) .

PDR is equivalent in legal terms to the community acquiring a negative
easement over a property, a property right which forbids the landowner from
making certain uses of his land. The Historic Preservation and Conservation
Agreements Act of 197974 facilitates the use of negative easements by
municipalities and private non-profit organizations for the protection of
special lands. The statute applies to agreements for the pfeservation of
historic structures and to agreements to retain land substantially in its
natural condition for agricultural, forestry, outdoor recreation, or natural
uses. The Act states that "[n]o conservation or preservation agreement shali
be. unenforceable because of 1) lack of privity of estate or contract, or 2)

lack of benefit to particular land or person, or 3) the assignability of the

54N.C.G.S. §121-34 et seq.
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benefit to another holder...">> The statute recognizes conservation
agreements as interests in land and makes such agreements enforceable by the
holder by injunction or by other equitable remedy. Property subject to PDR
agreements is to be assessed on the basis of the true value of the property,
reflecting the reduction in value caused by the loss of the land’s development
rights.

As with fee simple acquisition, the legal status is clear, but a number
of immediate practical questions arise. First, in what manner are development
rights to be acquired? Does the jurisdiction use its powers of eminent
domain, or instead simply bargain for them on the open market, acquiring
development rights only from those who wish to sell them? This question may
have significant implications for the ability of PDR to protect large blocks
of high hazard land. For instance, relying on voluntary sales may permit |
substantial development in an otherwise undeveloped high hazard area, or it
may do little more than shift new development from some parcels to other
parcels within the hazard area. Through the use of eminent domain over the
entire area, this potential "checkerboard effect” may be prevented.

There is, as well, the question of exactly what development rights are
being purchased by a locality. Clearly, extensive residential development
should be precluded, but should this include private recreational uses and
developments which do not place substantial—amounts of public and private
property at risk? The greater the economic use which remains for the property
owner, the greater will be the parcel’'s remaining fair market value, and the
less costly will be the development rights purchase. Exactly what uses are

permitted after development rights have been purchased may also influence

55N.C.G.S. §121-38.
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overall property at risk in other areas. For instance, if private
recreational activities are permitted in PDR circumstances, this may in turn
induce further residential and other development in adjacent areas where
development rights have not been purchased. These types of development
influences and side effects should be considered when defining the rights to
be purchased and the types of uses and activities that will be permitted.
While a leading reason for preferring development rights acquisition over
fee simple acquisition is that public expense will be less, PDR may still be a
very expensive mitigation approach. In areas where market demand for
developed uses is high, the purchasing of a development right will constituté
the major portion of the parcel’s fair market value.® Because of this fact,
PDR may be no more financially feasible than fee simple acquisition. A
locality can, however, investigate alternative techniques for keeping down the
costs of PDR. For instance, the Maryland Agricultural Land Foundation, a
state-funded agency which purchases development rights from farmers, seeks to
get the most from its limited funding by giving preference to parcels where
the following ratio is the highest: [development rights (easement) value -
asking price] / development rights value.’ Under this arrangement farmers
wishing to sell their development rights submit bids to the state foundation,
which in turn gives preference to high value parcels with low sale prices. A
similar procedure might be applied in coastal communities. A jurisdiction

might designate a general area of high storm hazard from which it will accept

56Robert E. Coughlin and Thomas Plaut, "Less-Than-Fee Acquisition for the
Preservation of Open Space: Does It Work?" AIP Journal, October 1978.
Owen J. Furuseth and John T. Pierce, ricultural Land in an Urban
Society, American Association of Geographers, 1982; C.A. Nielson,
"Preservation of Maryland Farmland: A Current Assessment,” 3 Univ, of

Baltimore L. Rev. 429 (1979).
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bids for development fights sales--in turn maximizing local monies by
purchasing those rights which consist of the "best deals.” A system could
also be developed by which to evaluate the extent of relative storm hazard for
each parcel (e.g., distance from the ocean) and then incorporating this
information into the evaluation procedure so as to get the largest hazard
reduction for the dollar.

The period of time for which development rights are purchased will also
have significance for the cost of a PDR program. The Maryland program
requires that development be restricted for a minimum of 25 years. A shorter
period of time may serve the needs of the locality (in directing growth to
certain areas) and preserve for the landowner a greater portion of the market
value of the land, thus reducing the overall cost of development rights to the
local government. In other words, instead of purchasing the development
rights in perpetuity, the locality may find it more economically efficient to
"lease" them for shorter periods of time.

PDR can be used effectively in collaboration with development regulation.
On the one hand, restricting development in a particularly hazardous area of
the jurisdiction may prevent the checkerboard effect that sometimes results
from a voluntary PDR. In turn, PDR may serve to soften the economic effects
of development regulations and reduce as well the political oppositions
typically engendered by regulatory programs.

While not widely used, the prime example of PDR has been in protecting
farmland. Suffolk County, New York, King County, Washington, and the State of

Connecticut have used the PDR concept to protect farmland,58 and a PDR program

58Myr1 E. Duncan, "Toward a Theory of Broad-based Planning for the
Preservation of Agricultural Land," 24 Nat’l Res. J. 61 (1984).
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has recently been proposed for Forsyth County, North Carolina.59 Under this
proposal the county would spend $1 million each year to purchase development
rights to prime farmland in the county. These lands could not be developed
for aﬁ least 25 years. At the end of this period, the landowner would be
given the option of buying back the development rights at their new current
market value. As currently proposed this program would be completely
voluntary.

As an alternative to the purchase of development rights, a locality might
investigate encouraging the donation of scenic or conservation easements.
Landowners can be encouraged to make such donation in large part because of
the income tax deductions permissible under §170 of the Internal Revenue Code.
For easements to qualify as charitable deductions, the development
restrictions must run with the land in perpetuity and bind all subsequent
owners. Under regulations promulgated in 1980, the IRS is now required to
make a determination that the easement "will yield a significant public
benefit." This does not appear, however, to be a significant impediment to
receiving the federal charitable deduction. In addition, Chapter 793 of the
1983 North Carolina Session Laws encourages the donation of easement interests
in real property, or the donation of fee simple interests, to state or local
governments. This new law allows state tax credits for certain conservation
donations.

The locality can take either an active or a passive role in soliciting
easement donations. It may, for example, actively search out and encourage

these donations by landowners in hazard areas. By contrast it may simply

590yril Zaneski, "Preserving Farmland: County Questions Proposal for
Slowing Urban Sprawl," Winston-Salem Journal, January 29, 1984,
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await landowner'’s voluntary offers of easement donations. In either case, the
jurisdiction must carefully evaluate the significance of each easement
donation for local storm hazard mitigation. Accepting easements located in
the wrong places simply because they are free may do more harm than good in
the long run. Perpetual negative easements may lock the locality into land
use and development patterns that it may later find inappropriate or
undesirable. In the case of extreme coastal hazard areas, this is unlikely to
be a significant problem, but in certain situations it may prove to be an
important consideration.

If an easement is accepted, the jurisdiction'and donating party should
seek a clear understanding of the precise restrictions which will be applied
to the use of the land. Experiences of the U.S. Park Service and others with
easements indicates that substantial difficulties can arise where
misunderstandings about easement restrictions exist.6o This possibility
highlights the importance of educating landowners about easement restrictions
both at the initial time of donation and during any subsequent sale or
transfer of the land. The locality should ensure that the instrument granting
the easement is immediately recorded in the county land records so that
subsequent purchasers or creditors are placed on notice and the community’s
easement rights are protected. These rights should include specific, positive
rights of entry in order to facilitate public inspection and ensure compliance
with easement provisions. Administrative processes need to be devised to

detect these violations at an early point.

60Coughlin and Plaut, "Less-Than-Fee Acquisition for the Preservation of
Open Space: Does It Work?" AIP Journal, October 1978.
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C. Transfer of Development Rights

One potentially effective approach to reducing the amount of property
subject to coastal storm hazards is to permit the transfer of development
rights from a high storm hazard zone to a non-hazard or "safe" zone in anofher
part of the jurisdiction.61 The transfer of development rights (TDR) is an
innovative approach to development management which is being used in only a
few cases in the country. The basic concept underlying TDR is that ownership
of land includes a right to develop the land, a right which may be separated
from other ownership rights and transferred to someone else. For example,
under a TDR system, an owner can sell this development right to another
property owner who under the system must collect a specified number of
development rights before developing his or her propefty at a desired deﬁéity.
There is considerable variation in the goals sought to be achieQed and in the
procedure used to administer transfer of development rights systems; the
system has been used for historic preservation, farmland, and open space
preservation, as well as managing growth.

Commentators have theorized that the use of TDR can substantially
eliminate the value shifts and inequities of zoning by allowing the market to
compensate owners who under a normal zoning scheme would have the development

potential of their land restricted with no compensation.62 Transferable

6lgee generally O.M. Carmichael, "Transferable Development Rights as a
Basis for Land Use Control," 2 Fla, St. L. Rev, 35 (1974); John Costonis,
"Development Rights Transfer: An Exploratory Essay,” 83 Yale L. J. 75 (1973);
Jerome G. Rose, "The Transfer of Development Rights: A Preview of an Evolving
Concept," 3 Real Estate lLaw Journal 331 (1975); Rose, Trensfer of Development
Rights, New Brunswick, NJ: Center for Urban Policy Research, Rutgers
University, 1975.

For further discussion, see Rose, "Transfer of Development Rights: A
Preview of an Evolving Concept," 3 al Estate w_Journal 331 (1975); and
Merriam, "Making TDR Work," 56 N, C. L. Rev. 77 (1978).
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development rights have not been used in North Carolina, and enabling
legislation would probably be necessary in order to implement a TDR system.
However, because of the publicity TDRs have received elsewhere, an explanation
of the concept should prove informative. First, a TDR system could be either
voluntary or mandatory. Under the latter, a locality would simply zone the
storm hazard area so that fewer units of development are allowed (or prohibit
new development entirely), and the owner of land within this zone would then
be permitted to transfer all or some of this unused development density to
parcels in designated safe areas or to sell the TDRs on the open market to
others who own land in areas designated for development. The locality would
then permit increased levels of development in the "safe" zone as a result of
possessing extra development rights, thus creating a natural market for
transferable development rights. A voluntary approach would simply present
the transfer as an additional option for the landowner--a way of maintaining
the land in its undeveloped use if the landowner wishes. The landowner in
this case would still have the option of developing his land or selling it for
development purchases.

The TDR approach raises a number of sticky practical issues. First,
there are several alternative institutional arrangements for operating a TDR
program. On one hand, the transfer of development rights can be left entirely
to market dynamics, with the locality only involved in designating "sending"
and "receiving" zones and determining the number of rights to be allocated.
Whether a selling landowner receives a fair price for his rights will depend
simply on what the market will provide. While there are policy decisions
which must be made in the initial allocation of rights, the local government
adopts an essentially hands-off stance once the system is created. An

alternative institutional structure would have the jurisdiction play a more
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direct and active role in the development rights transaction itself, perhaps
serving as a broker--buying and selling rights as needed. This in turn helps
to ensure that an adequate price is obtained, thereby overcoming short-term
market fluctuations. While the latter apprdach would permit greater control
over the price and quantity of rights sold, it would also require greater
government expense and oversight. An intermediate position might permit the
local government to enter the market at occasional critical points while
leaving the bulk of development rights transfers to the dynamics of the local
market.

Another initial difficulty is devising a methodology for assigning
rights. They might be allocated strictly according fo acreage (e.g., one
right per acre) or according to the market value of the property. Eventually
the question will arise as to whether additional rights should be allocated.’
If new supplies of development rights are needed, a practical and fair
procedure for allocating additional TDRs must be devised.

The locality must also decide how rights transferred from hurricane-prone
sites can be used. If a developer purchases ten development rights from land
in a high hazard area and seeks to apply them in a less hazardous receiving
zone, what rights is he or she entitled to? Each additional TDR, for example,
might translate into a certain amount of additional floorspace or square
footage allowed in the receiving zone. In the case of residential
develop